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“an effective antirheumatic agent”* 


nonbormonal anti-artbritic 


BUTAZOLIDIN® 


(brand of phenylbutazone) 


relieves pain - improves function - resolves inflammation 


The standing of ButazoLipin among today’s anti-arthritics is at- 
teeted by more than 250 published reports. From this combined 
experience it is evident that Butazoxipin has achieved recognition 
as a potent agent capable of producing clinical results that compare 
favorably with those of the hormones. 

Indications: Gouty Arthritie Rheumatoid Arthritis Pooriatic Arthritis 


Rheumatoid Spondylitis Painful Shoulder Syndrome 
Burazoipin® (brand of phenylbutazone) red coated tablets of 100 mg. 


“Denim, Regeareh Activities ip Rheumatic Disssess, Poh, Health Rep. 487, 1964. 


GCEIGY PHARMACEUTICALS 
Division of Celgy Chemical Corporation, 220 Church Street, New York 13, N.Y. 
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...@ totally new nonbarbiturate hypnotic-sedative! 


(glutethimide cl 
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hangover). 
Dosage; 0.25 to 0.5 Gm, befor bedtime. ; 
‘Scored 0.25- and 0.5-Gm. tablets. a 
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9@ highly soluble in both acid and alkaline body 
fluids, especially at pH of renal tubules 


9@ high plasma levels rapidly attained 


9@ no alkalinization or forcing of fluids required 
9@ single sulfonamide - not a mixture 
$f no danger of secondary fungus infections 


wide antibacterial range 


you prescribe 


these distinctive features 


when you prescribe... 


Hoffmann - La Roche Inc + Roche Park - Nutley 10 + N.J. 


GANTRISIN ® =brand of sulfisoxazole (3.4 dimethyl! tanilamido-isoxazole) 


The Bulletin of The New York Academy of Medicine, Vol. 31, No. 3, March, 1955. Published 
Monthly by The New York Academy of Medicine, 2 East 103 Street, New York 29, N. Y. Entered as 
second-class matter February 3, 1928, at the Post Office at New York, N. Y., under the Act of August 
24, 1912, Annual subscription United States and Canada $6.50. All other countries $7.50. Single copies 7 5« 
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THE CAMBRIDGE EDUCATIONAL CARDIOSCOPE is used in many prom- 
inent Medical Schools for teaching cardiology by audio-visual demonstration. The 
electrocardiogram, heart sounds, vectorcardiogram, EKY, BCG, intra-cardiac pres- 
sures, etc., may be individually shown on a 16" cathode ray tube having a long 
persistence screen. While viewing the physiological data, the related heart sounds 
may be heard by an entire group through individual stethophones. With the Cambridge 
Educational Cardioscope, true audio-visual teaching of Cardiology is now a reality—a 
must for the modern teaching program. 
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CAMBRIDGE INSTRUMENT co., INC, 
3744 Grand Central Terminal, New York, N. y. 
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sealed-in-foil 


REAGENT TABLETS 


a rapid, reliable urine-sugar test every 
time because every batch of Clinitest 
Sealed-in-Foil Reagent Tablets is tested 
for stability under conditions as exacting 
as a tropical rainy season—86° to 90° 
temperatures and 95% humidity. 


Clinitest Reagent Tablets, Sealed in Foil, 
boxes of 24 and 500. 


AMES DIAGNOSTICS 
Adjuncts in Clinical Management 


AMES COMPANY, INC ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto s27s4 


the last tablet as ac@ate as the first 
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ratran 


(pipradrol hydrochloride) 
a unique central motivant with demonstrated 
subcortical activity subtly returns your emotionally 
fatigued and depressed patients to their usual level 
of alertness, interest and productivity*:, 


without euphoria... 


7 without rebound letdown 


Meratran's action, in easily adjusted doses, is prompt=— 
subtle — comfortable — Its effectiveness is prolonged. 

* no appreciable effect on blood pressure and respiration + restores 
needed sense of well-being + no tolerance or drug habituation « 


normal appetite undisturbed + no jitters - no apprehension - little 
or no insomnia - wide range of safety - no rebound letdown 


_betore the 
June’ 14,1954, 


“THE WM. S. MERRELL COMPANY 
New York St. Thomas, Ontorio 
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be observed and daily dosage and duration 

of administration adjusted to patient response. 

ratran 

Meratran (pipradrol) hydrochloride.* Bottles of 

_ more common type (financial y, social s C.: Discussion of nc Febing’ 

Situational stress or mild depression. Vc five he treatment of : 

ia psychoses and psycho- git J. Meviten, 

penzhydri “in the Weatment of blepharosposm, spasmodic torticollis 
hydréchloride with the following structure: American Neviologcal 14, 1954. 4, Himwich, 

Discussion of paper ence 2), American Psychiatric Asso. 


EACH TABLET CONTAINS: 
a7 Unique vegetable mucin 


irritated stomach lining 

Magnesium trisilicate. . . . . 150mg. 

Balance of ingredients Aluminum hydroxide gel. . . . 90mg. 

avoids constipation, & Calcium carbonate. . . . . . 105mg. 

diarrhea, or alkalosis Magnesium carbonate. . . . . 60mg. 

extends antacid activity 


AVAILABLE IN BOXES OF 100 TABLETS, SPECIALLY STRIPPED FOR EASY CARRYING 
*Cyamopsis tetragonoloba gum tProtein binder from oat tTrade Marks 


® Organon INC. ORANGE,N. J. 
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Patient is given a radioiodine capsule or solution by mouth. 
An identical dose is set aside as a “stondard.” 


for accurate 
etermination 


After a time lapse (vwally 24 hours), the “standard” is 
d* in the phantom neck. A single control then adjusts 
the "MEDIAC” for the potient. 


using radioiodine (1 \ 


The ‘“MEDIAC” makes measurements 
of thyroid activity a simple, straightfor- 
ward procedure, requires no computa- 
tions—takes but a few minutes. AEC 
requirements can be easily met by any 
physician, and the equipment cost is lower 
than most doctors think. The evaluation 
is more accurate than the BMR test, 
easier than the serum protein bound iodine 
level, is rapidly becoming routine in hos- 
pitals, clinics and the doctor's office. 
Write today for Catalog "‘O"’ with 
complete details on the "MEDIAC” and 
other medical instruments for use with 
radioisotopes. 
Nuclear Instrument and Chemical Corporation, 
259 West Erie Street, Chicago 10, Illinois Phantom is removed and activity in patient's thyroid is 
measured.” Uptake of radioiodine is directly related to thy- 


nuclear-chicago roid function and shown as a per cent of the administered dose. 


“Maximum time nvolved—2 minutes 


CHICAGO - NEW YORK - LOS ANGELES 
DALLAS HOUSTON SAVER SPRING, MD. 
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first in advantages 
for low-salt therapy 


salt substitute of choice 


for congestive failure 
essential hypertension 
obesity 
and whenever low salt is indicated 


TASTE 

POUR-QUALITY help keep patients on low-sodium diets 

APPEARANCE 

STABILITY 


FREEDOM FROM 
Keeps food attractive — 


UNPLEASANT 

prevents nutritional deficiencies 
AFTERTASTE 
OPTIMAL 
POTASSIUM avoids borderline hypopotassemia makes DIASAL 
CHLORIDE "...the product of choice for this purpose.’’* 
CONTENT 


DIASAL contains only potassium chloride, glutamic acid and 
inert ingredients...no sodium, lithium, or ammonium... 
and it is safe for prolonged use, both at the table and in cooking. 


packaging: available in 2-ounce shakers and 8-ounce bottles. Send for liberal supplies 
of tasting samples and low-sodium diet sheets for your patients. 


*Fremont, R. E.; Rimmerman, A. B., and Shaftel, H. E.: Postgrad. Med. 10:216, 1951. 


E. FOUGERA & CO., INC. 75 varick st.. N.Y. 13, N.Y. 
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chocolate - mint - flavored 
suspension for 
the treatment of 
mixed infections 
caused by 
penicillin-susceptible 
and or 
sulfonamide-sensitive 
organisms 


change from 


‘Sulfa-Neolin’ 


(BENZATHINE PENICILLIN-—G WITH SULFONAMIDES, LILLY) 


The twofold antibacterial action of ‘Sulfa-Neolin’ is 
particularly effective in mixed infections. The com- 
bined action of penicillin and the sulfonamides is also 
of value in combating relatively resistant organisms. 
Since the mode of attack of penicillin differs from 
that of the sulfonamides, it is more difficult for an 
organism to develop resistance to the combination 
than to either drug used alone. The tasty chocolate- 
mint flavor of ‘Sulfa-Neolin’ quickly wins youngsters’ 
approval. They’ll like it! 

Each 5 cc. (approximately 1 teaspoonful) contain sulfa: 
diazine, merazine, methazine, 0.167 Gm. each, and ben- 
zathine penicillin—G, 300,000 units. ‘Sulfa-Neolin’ is 
stable at room temperature for two years. 

Dosage: Average dose is 1 teaspoonful four times a day. 
Suspension ‘Sulfa-Neolin’ is supplied in 60-cc. bottles 
(M-120). 


ELI LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, U.S.A. 
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THE PREVENTION OF RHEUMATIC 
FEVER BY THE USE OF ANTIBIOTICS* 


Gene H. SToLLeRMAN 


Medical Director, Irvington House, Instructor in Medicine 
New York University College of Medicine 


¢ Hr is becoming increasingly evident that the proper treat- 

ment and control of group A streptococcal infection will 

if markedly reduce the incidence, morbidity and mortality 

of rheumatic fever. Although the pathogenesis of the dis- 

esesesesesesd case remains obscure, the group A streptococcus has been 

firmly established as the inciting agent of first attacks and recurrences 

of rheumatic fever.’* The prevention of rheumatic fever depends, there- 

fore, upon a thorough understanding of the chemoprophylaxis and 

chemotherapy of streptococcal infections, An intimate knowledge of 

the relationship of the streptococcus to the natural history of rheumatic 

fever is necessary to appreciate the potentialities, as well as the limita- 
tions, of this method of prophylaxis. 

The Influence of Chemoprophylaxis of Streptococcal Infection upon 
the Natural History of Rheumatic Fever: \t has been possible to demon- 
strate serologic evidence of recent streptococcal infection in almost 
every patient with acute rheumatic fever.’ In a recent study at Irvington 


* Presented at the 27th Graduate Fortnight of The New York Academy of Medicine, October 
22, 1954 
From Irvington House, Irvingtonon-Hudson, N. Y. and the Department of Medicine, N.Y.U. 
College of Medicine, New York. 
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Fig. 1—Incidence of elevated titers of antistreptoly- 
sin O, antihyaluronidase and antistreptokinase in the 
serum of 88 patients observed within two months of : 


the onset of acute rheumatic fever.® 


House it was demonstrated that the titer of antistreptolysin O is elevated 
above 200 units per cc. in about 80 per cent of patients who were 
observed within two months of the onset of an acute rheumatic attack. 
When the titer of streptococcal antihyaluronidase was also determined 
on the same sera, an elevation of either antibody was demonstrable in 
go per cent of patients. When a third specific streptococcal antibody, 
antistreptokinase, was assayed, 95 per cent of the group showed signifi- 
cant elevation of at least one antibody (Fig. 1). This percentage ap- 
proaches 100, the earlier in the rheumatic attack the patient is studied.° 
Once the streptococcus initiates a rheumatic episode the subsequent 
course of the attack is capricious and unpredictable, even though further 
streptococcal infection is prevented. It has been commonly observed, 
however, that if new streptococcal infection occurs while the rheu- 
matic process is still active, it may provoke violent and even fatal exacer- 
bation of rheumatic fever. The protection of the patient from new 
infection, and the prompt eradication of streptococci from his throat 
at the inception of the rheumatic attack, is important and may be one 
of the factors contributing to the declining mortality and severity of 
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First of Rusumaric Fever 
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Fig. 2—Annual incidence of first recurrences of rheumatic fever among 

239 patients followed at Presbyterian and Babies Hospitals, N.Y.C., 

for a mean period of seven years after an attack of rheumatic fever. 

Onset of acute rheumatic fever occurred between 1932 and 1940, 
(Fischel, EF. E., unpublished data.) 


acute rheumatic fever and to the increasing percentage of patients who 
recover from initial attacks of the disease without permanent cardiac 
damage. 

When rheumatic fever becomes completely quiescent, and remains 
so for a period of at least two months, relapses occur rarely, if ever, 
without new streptococcal infection. The course of rheumatic fever 
was studied in 580 patients hospitalized at Irvington House where strepto- 
coccal infection was controlled. “Spontaneous relapses” (those not 
associated with new streptococcal infection) occurred invariably within 
two months of discontinuing aspirin, cortisone or ACTH therapy. 
Relapses of rheumatic fever which appeared after two months of appar- 
ent complete quiescence of the disease were always associated with 
bacteriologic and serologic evidence of new streptococcal infection. 

It follows from the results of these and other studies that recurrences 
of rheumatic fever that are not relapses of persistent rheumatic activity 
are preventable by complete protection of the rheumatic subject from 
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new streptococcal infection, The risk of recurrences of rheumatic fever 
to the rheumatic subject in the era before continuous antibiotic prophy- 
laxis was employed was great. From 60 to 75 per cent of patients who 
had one episode of rheumatic fever suffered a recurrence." The pattern 
of recurrence rates is shown by the data of Fischel (Fig. 2) who ob- 
served the subsequent course of rheumatic attacks in 239 subjects 
followed for an average period of seven years at the Babies and the 
Presbyterian Hospitals in New York City. These patients suffered an 
initial attack in the years between 1932 and 1940. The greatest number 
of recurrences appeared in the first three years following an episode of 
rheumatic fever. Thereafter the recurrence rate fell off sharply, ap- 
proaching a rather constant value after the fifth year. 

In contrast to this experience of a little more than a decade ago is 
the rate of recurrences among rheumatic subjects now receiving con- 
tinuous chemoprophylaxis. In the past two years children attending the 
Irvington House out-patient prophylaxis clinic and the Childrens’ Car- 
diac Clinic at Bellevue Hospital have received either sulfonamides or 


penicillin orally every day, or one injection of benzathine penicillin 


intramuscularly every month. There have been but seven recurrences 
(all in the group receiving oral prophylaxis) in a highly susceptible group 
representing 543 patient-years of observation. This represents a recur- 
rence rate of 1.2 per cent compared with the yearly rate of about 15 
per cent in Fischel’s series of untreated patients during a previous era. 


The reduction of over go per cent in the incidence of recurrences is in 
close agreement with a compilation of controlled studies which have 
been carried out during the past fifteen years and which have been 
summarized in several recent reviews.” * 

There remains little doubt, therefore, that overt rheumatic recur- 
rences can be prevented, Of great importance, however, is the question 
as to what extent antistreptococeal prophylaxis will alter the natural 
history of rheumatic heart disease. In a twenty year study during the “pre- 
prophylaxis” era, Bland and Jones’ noted the delayed appearance of 
rheumatic heart disease in almost half of the patients who recovered 
initially from an attack of rheumatic fever without apparent cardiac 
damage. The implication of this study is that either subclinical valvular 
sclerosis progresses inexorably following an initial attack or that the late 
appearance of such lesions is the result of repeated attacks of rheumatic 
fever, often subclinical, and caused by intercurrent streptococcal infec- 
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tion. Careful prophylaxis maintained over a period of years, and detailed 
immunologic studies to detect subclinical streptococcal infection, should 
determine whether the delayed appearance of rheumatic heart disease 
can be prevented. Preliminary observations made for a period of three 
years have been encouraging"® but do not yet provide conclusive answers. 

The data of Bland and Jones’ also indicate that a relatively high per- 
centage (about one-third) of patients who sustain rheumatic heart 
disease following an attack of rheumatic fever ultimately heal their 
lesions partially or completely. It is probable that the prognosis for the 
young rheumatic cardiac will be further improved with the use of con- 
tinuous prophylaxis. Indeed, the longevity of the rheumatic cardiac 
may depend to a considerable extent upon his protection from renewed 
bouts of carditis, Unfortunately, there is as yet no known way to 
terminate those attacks of rheumatic fever which enter a chronic phase 
and result in severe cardiac damage despite complete protection from 
intercurrent streptococcal infection, Fortunately, this happens in less 
than 5 per cent of attacks of acute rheumatic fever.® The finding of 
Aschoff bodies in the auricular appendage of some patients with ad- 
vanced mitral stenosis who have undergone mitral commissurotomy 
attests to the chronicity of the rheumatic process in such patients. Again, 
it should be noted that such patients constitute a small percentage of all 
rheumatic cardiacs. It is far more common to find rheumatic heart disease 
at postmortem examination without microscopic evidence of active 
lesions ef rheumatic fever. It remains for future studies to determine 
whether careful protracted prophylaxis in the rheumatic subject follow- 
ing an initial attack of rheumatic fever will reduce the frequency with 
which rheumatic valvular disease develops, 

General Principles of Prophylaxis for the Rheumatic Subject: In 
view of the above considerations, the general principles governing the 
use of continuous chemoprophylaxis which have been recommended 
by the Committee on Prevention of Rheumatic Fever of the American 
Heart Association'' deserve emphasis. 

1. It is generally agreed that prophylaxis for the highly susceptible 
rheumatic subject must be continuous, For such patients it is unsafe 
to await clinical signs of upper respiratory infection before initiating 
antibiotic prophylaxis. 

2. Selection of patients should include all children and adolescents 
who have had an attack of rheumatic fever and all adults who have 
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had an attack within five years. In our opinion all patients who have 
definite rheumatic heart disease should be included, regardless of the 
interval since the last known attack. Patients whose clinical manifesta- 
tions of rheumatic fever meet the diagnostic criteria of Jones’* present 
no problem of selection. The frequency with which rheumatic fever 
begins as an ill-defined clinical syndrome, however, imposes an important 
limitation upon this method of prophylaxis. The decision to start pro- 
phylaxis for a period of years is a serious one and involves the possi- 
bility of causing psychic trauma and even invalidism unnecessarily in 
individuals who are riot really rheumatic. At the risk of failing to recog- 
nize some rheumatic subjects, it is best to reserve prophylaxis for those 
whose diagnosis is firmly established. 

3. Prophylaxis should begin as soon as rheumatic fever has been 
diagnosed and after a course of penicillin has been given which is ade- 
quate to eradicate group A streptococci (see below). The absence of 
clinical signs of pharyngitis and the failure to culture group A strepto- 
cocci from the nose or throat may not always exclude the presence of 
these organisms deeper in the tissues, particularly in the presence of 
enlarged tonsils, 

4. The duration of continuous prophylaxis is a matter to be deter- 
mined to some extent by judgment and individual circumstances. It 
would be wise to protect the rheumatic patient as long as the risk of 
streptococcal exposure remains high and certainly for a minimum period 
of five years after an attack, when the recurrence rate is greatest. It is 
not yet known whether the attack rate of rheumatic fever following strep- 
tococcal infection will be diminished when prophylaxis is maintained 
for several years. The incidence of rheumatic recurrences following 
streptococcal infection among patients recently recovered from a previ- 
ous rheumatic episode is as high as 50 per cent. The attack rate of 
rheumatic fever following streptococcal epidemics in the general popu- 
lation is somewhat less than 3 per cent, It will be of considerable impor- 
tance to determine whether the high attack rate of rheumatic fever in the 
rheumatic subject is an acquired characteristic which may eventually be 
lost after several years of prophylaxis. 

5. Seasonal variation in the incidence of rheumatic fever does not 
justify discontinuing prophylaxis during the summer months. As a 
matter of fact, the incidence of streptococcal infection and rheumatic 
fever is actually lowest in the New York area in the late autumn months. 
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Sporadic streptococcal infection occurs throughout the year, however, 
and therefore prophylaxis should be maintained the year round. 

Choice of Antibiotic and Mode of Administration: Many antibiotics 
are effective against group A streptococci, This discussion is confined 
to an evaluation of three methods that have been employed most ex- 
tensively for the prevention of rheumatic recurrences (Table I). 

Sulfonamides: During the past fifteen years many controlled inde- 
pendent studies’ * and a vast military experience during World War 
Il* have demonstrated conclusively that the daily oral administration 
of small doses of sulfonamides will reduce the incidence of rheumatic 
recurrences by at least 85 per cent, Sulfadiazine is generally considered 
the drug of choice, although some of the newer, more soluble sulfona- 
mides may be equally effective.’ Sulfadiazine is inexpensive, easily 
administered, well absorbed from the gastrointestinal tract and of 
established effectiveness. 

There are several disadvantages to this method, Frequent breaks in 
the routine occur because patients are apt to forget to take the medica- 
tion daily. There is no practical way to determine whether the occur- 
rence of a streptococcal “breakthrough” is due to failure of the drug to 
protect or to a lapse in the regimen. Another disadvantage is that the 
action of sulfonamides is bacteriostatic rather than bactericidal. The 
sulfonamides do not eradicate the streptococcal carrier state. In addi- 
tion, sulfonamide resistant streptococci have appeared during mass pro- 
phylaxis programs conducted in the Armed Forces and occasionally 
among civilian populations.”:'® Such strains do not constitute a serious 
threat, however, because of the availability of other effective antibiotics. 
Finally, the risk of occasional serious toxicity, particularly granulocyto- 
penia, is sufficient to require routine white blood cell counts, at least 


during the first several weeks of the prophylactic regimen. 

The daily dose of sulfadiazine recommended is 1.0 gm. There is less 
likelihood of doses being omitted when this is administered once daily. 
Toxic reactions to such small doses of sulfadiazine are relatively infre- 
quent. The incidence of mild reactions such as skin rashes is 0.5 per cent. 
More serious reactions such as agranulocytosis and exfoliative dermatitis 
occur in about one in 10,000 patients.” 

Oral Penicillin: There have been relatively few extensive, controlled 
studies in which penicillin has been administered in small daily oral doses 
to prevent rheumatic recurrences. Those that have been reported indi- 
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cate, however, that this method should be at least as effective as the 
employment of sulfonamides.* Extensive studies have been conducted 
recently in the Armed Forces which indicate that daily oral doses of 
50,000 to 100,000 units of penicillin are highly effective during epidemics 
of streptococcal pharyngitis in protecting troops from both infection 
and infestation."* It is not yet certain that such small doses will protect 
the highly susceptible young rheumatic subject from recurrence. 
Penicillin has several advantages over sulfonamides. It is a more 
effective antibiotic against group A streptococci and is bactericidal rather 
than bacteriostatic in its action, In adequate doses it will eradicate the 
streptococcal carrier state (see below). Serious toxic reactions are quite 
rare, Penicillin-resistant group A streptococci have not been encountered 
despite the extensive use of this compound in mass prophylaxis studies."* 
There are, however, some disadvantages to this form of prophylaxis. 
As with the use of sulfonamides, frequent breaks in the prophylactic 
regimen may occur, The absorption of penicillin from the gastrointestinal 
tract is irregular. The cost of relatively large oral doses is still high. The 
minimum effective daily oral dose has not yet been established, It has been 
shown that daily oral doses of 500,000 units are highly effective in curing 
streptococcal pharyngitis, eradicating the streptococcal carrier state and 
preventing new infection and infestation." '* If the encouraging results 
with the use of daily doses of 100,000 units for the protection of normal 
adults from streptococcal infection can be applied with equal success to 
the protection of the rheumatic subject, the cost of this method may be 
reduced considerably. At the present time it is suggested that oral peni- 
cillin should be given in doses of at least 200,000 to 250,000 units once or 
twice daily until more information on the use of smaller doses is available. 


There is considerable confusion in the literature with regard to the 
true incidence of penicillin hypersensitivity, Such confusion stems most 
often from the lack of controlled observations and from the absence of 
definite criteria for the diagnosis of penicillin hypersensitivity reactions. 
Such factors as the size of the dose of penicillin employed, the age of the 
patient, previous contact with penicillin and the route and duration of 
administration may also influence the incidence of reported toxic reac- 
tions. In general, the incidence of reactions from the administration of 
small, daily oral doses of penicillin (100,000 units or less) to large num- 
bers of troops during a period of several months has been between 0.3 
to 0.7 per cent. When placebos of sodium bicarbonate were substituted 
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for penicillin and administered to a large control group without the 
knowledge of the medical observers, the incidence of “penicillin reac- 
tions” was reported to be o.2 per cent! The incidence of reactions in 
the penicillin treated group was 0.3 per cent.” 

Most of the penicillin reactions encountered in these studies, and 
in the more limited studies conducted with children and adolescents, 
have been mild and transient, and usually consist of generalized urticaria. 
In most instances if penicillin is discontinued for a few days it can be 
restarted without causing further reactions.’* When reactions are more 
severe and associated with angioneurotic edema, penicillin should be 
discontinued, Even these reactions, however, do not necessarily indicate 
permanent sensitization to penicillin, 

Repository Penicillin (Benzathine Penicillin): The major disadvan- 
tage of daily oral prophylactic medication is that ambulatory patients 
are apt to forget to take the tablets regularly. Recently, a new repository 
penicillin compound, benzathine penicillin (N, N’ dibenzylethylene- 
diamine dipenicillin G) has been developed, The injection of 600,000 
units of this compound provides low serum levels of penicillin for twelve 
to fourteen days. A single injection of 1.2 million units results in the 
appearance of detectable penicillin levels in blood for three to four 
weeks,” 

Monthly injections of 1.2 million units of benzathine penicillin have 
proven very effective in preventing streptococcal infections and recur- 
rence of rheumatic fever. During a recent two year study there were 
no recurrences of rheumatic fever among 145 patients attending the 
Irvington House Prophylaxis Clinic monthly to receive injections of 
benzathine penicillin, These patients had recently recovered from at- 
tacks of rheumatic fever and resided in low-income housing areas in 
New York City where the incidence of streptococcal infection is known 
to be high. Of 2,716 throat cultures made routinely, three were positive 
for group A streptococci, A significant rise in antistreptolysin O titer, 
which was determined monthly, was noted in but three instances.*" 

Similar results were obtained in an independent study of ninety-six 
rheumatic fever patients who received 1.2 million units of benzathine 
penicillin monthly during a period of fourteen months.” 

Advantages of this form of continuous prophylaxis are several. A 
break in the regimen is less likely to occur than when medication is 
administered daily. A single dose administered intramuscularly is highly 
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effective in curing streptococcal pharyngitis and in eradicating the strep- 
tococcus carrier state (see below). This is not true of small oral doses 
of penicillin or sulfonamides. Single injections of benzathine penicillin 
are economical, The cost of 12 intramuscular doses is similar to, or less 
than that of sulfadiazine administered daily in doses of 1.0 gm. for one 
year. The method affords close patient contact and supervision. 

Its major disadvantages relate principally to the inconvenience and 
pain of injections. The site of injection tends to be somewhat more 
painful with the use of this compound than with procaine penicillin. 
Severe local reactions resulting in abscess formation have not been 
observed. Occasionally local soreness is attended by mild fever lasting 
a day or two. 

Hypersensitivity reactions so far have not been more frequent or 
more severe than those observed with the parenteral use of other forms 
of penicillin, During the past three years, 6,624 injections have been 
administered to 553 patients with rheumatic fever on the wards and in 
the out-patient department at Irvington House for periods of ten to 
twenty-one months, Six patients developed transient urticaria which 
lasted for three to four days and subsided despite the persistence of peni- 
cillin in the blood for several weeks thereafter. One patient developed 
angioneurotic edema and penicillin was permanently withdrawn, 
although the reaction lasted but a few days, Eight patients developed 
non-specific rashes which were evanescent, did not recur with continued 
therapy and could not be definitely attributed to penicillin allergy. 
Similar experience has been observed by others who have treated large 
numbers of children with this compound.” 

In adults, the incidence of what appears to be penicillin hypersensi- 
tivity reactions has been reported as 2.3 per cent in one study when 
single injections of 1.2 million or 600,000 units were administered to 257 
subjects. This is comparable to the incidence of similar reactions with 
the use of procaine penicillin or crystalline penicillin G. Carefully con- 
trolled studies on the relative frequency of hypersensitivity reactions 
to various types of penicillin administered parenterally are not available. 
So far it would appear that the parenteral use of benzathine penicillin 
has not been attended by a higher incidence of hypersensitivity than 
has been encountered with the parenteral use of other penicillin com- 
pounds, 

The choice of one of the three types of prophylactic medication 
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Fig. 3—Stollerman, G. H.” Prevention of rheumatic fever, American 
Practitioner and Digest of Treatment, 5:589, 1954. Reproduced with per 
mission of the publisher, a Lippincott Company, 


7 POSITIVE CULTURES ISOLATED FROW 
4 PATIENTS. THEREFORE THE GROUP 4 
STREP WAS ERADICATED 6 69% OF 
36 CARRIERS 


Oars FOLLOWING THERAPY 


Fig. + E.ffect of single intramuscular injection of benzathine penicillin, 
600,000 to 1,200,000 units, upon group A streptococcal carriers, Throat 
cultures made daily for one week following injection and weekly thereafter. 
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discussed above will vary with individual considerations, Some patients 
may be relied upon to take tablets daily with regularity, For others it 
may be safer and simpler to administer monthly injections. Some may 
find injections too objectionable over prolonged periods of time, The 
choice of a particular prophylaxis regimen is less important than an 
appreciation, on the part of both patient and physician, of the importance 
of strict adherence to some effective form of prophylaxis. 


PREVENTION oF INITIAL Arracks Or RHEUMATIC FEVER 


Initial attacks of rheumatic fever may be prevented by the prompt 
and adequate penicillin treatment of streptococcal infection.**** Certain 
chemotherapeutic principles upon which such prevention is based have 
been firmly established, primarily as a result of the admirably controlled 
large scale studies conducted at the Streptococcus Disease Laboratory 
at Francis EF, Warren Air Force Base, ** *° 

General Principles: To prevent the complication of subsequent rheu- 
matic fever, group A streptococci must be eradicated completely from 
the nose and throat of the patient with streptococcal pharyngitis, Clini- 
cal cure of the signs and symptoms of the streptococcal infection is 
inadequate if organisms persist after treatment. Sulfonamides, which 
are bacteriostatic rather than bactericidal agents, do not eradicate the 
streptococcal carrier state. Penicillin, although a powerful bactericidal 
agent against group A streptococci, must be administered well beyond 
the period of clinical cure to eradicate these organisms from the throat 
completely. 

The therapeutic regimen required to achieve bacteriologic cure 
and eradication of the streptococcal carrier state with penicillin has 
been clearly established.’* '* If penicillin is administered orally, a mini- 
mum daily dose of 500,000 units must be given for ten days. Larger 
doses given for shorter periods are less effective.'’ If penicillin is admin- 
istered parenterally any schedule may be employed which maintains 
effective blood concentrations of penicillin for a ten day period. The 
average serum levels resulting from a single injection of different forms 
of penicillin are shown in Fig, 3.27 Group A streptococci are exquisitely 
sensitive to penicillin (almost invariably less than 0.04 units/ml, in 
vitro). The blood concentration of penicillin need not be high to 
achieve a maximum killing effect. Once such levels have been provided, 
the efficiency of chemotherapy is a function of their duration.” 
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Thus, a single large dose of crystalline penicillin G which provides 
very high levels for but a few hours is ineffective. Similarly, a single 
dose of procaine penicillin G, aqueous, or in oil with 2 per cent alum- 
inum monostearate, will provide relatively high blood levels for several 
days and will usually produce clinical cure of the pharyngitis but will 
not effectively eradicate the streptococcal carrier state. A single injection 
of 600,000 to 1.2 million units of benzathine penicillin will, however, 
achieve bacteriologic as well as clinical cure.”” ** 

One of the following schedules is suggested for the treatment of 
streptococcal pharyngitis: 

1. One injection of 600,000 to 1.2 million units of benzathine peni- 

cillin, 

2. 600,000 units of procaine penicillin in oil with 2 per cent mono- 

stearate given every other day for 3 or 4 doses. 

3- 300,000 units of aqueous procaine penicillin daily for ten days. 

4. At least 500,000 units given by mouth daily for ten days. 

The treatment of streptococcal infection with Aureomycin also 
reduces the incidence of rheumatic sequelae. It is somewhat less effective 
than penicillin.” The dose of Aureomycin recommended is about 2 
grams daily for seven days. Its use is preferred for patients who are 
sensitive to penicillin. 

The earlier in the course of streptococcal pharyngitis that penicillin 
is instituted the more effective is prevention of subsequent rheumatic 
fever, Optimum results are obtained when treatment is initiated within 
forty-eight hours of symptoms of sore throat. There is some recent 
evidence to suggest, however, that treatment instituted even as late as 
nine days after the onset of symptoms of sore throat may exert some 
favorable prophylactic effect upon the incidence of rheumatic sequelae.” 

It is quite apparent that the major limitation of the chemotherapeutic 
approach to the prevention of rheumatic fever is the difficulty of clinical 
identification of streptococcal sore throat. It is important to avoid the 
promiscuous and unnecessary administration of penicillin to patients 
with viral upper respiratory infections. Simple coryza, hoarseness, 
and tracheitis are rarely due to streptococci. The syndrome of sudden 
onset of fever, sore throat, “beefy” redness of the pharynx and pharyn- 
geal exudate suggests the diagnosis. Evidence of cervical lymphadenitis 
and the presence of leukocytosis lend further support to it. With experi- 
ence a proper diagnosis of streptococcal pharyngitis can be made on 
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clinical criteria alone with 70 per cent accuracy." 

Because the preceding streptococcal infection may be inapparent 
in at least 38 per cent of patients who develop rheumatic fever* it is 
obvious that the chemotherapeutic approach will prevent, at best, little 
more than half of the total cases. Proper diagnosis and treatment may 
reduce prevalence of streptococcal infections and this could be reflected 
in a significant decline in the incidence of rheumatic fever. 

It is obvious that the use of antibiotics is far from the ideal prophy- 
laxis of rheumatic fever. Pending more knowledge and a better approach, 
however, the incidence and morbidity of the disease can be reduced 
significantly by an appreciation on the part of physicians and the 
general public of the importance of early diagnosis and proper therapy 
of streptococcal disease and upon the diligent protection of rheumatic 
subjects from streptococcal infection. 
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THE CURRENT STATUS OF THE 
DEVELOPMENT OF ANTIMICROBIAL 
AGENTS* 


L. Hossy, Ph.D. 


Research Division, Chas. Pfizer & Co., Inc., Brooklyn, N. Y. 


jt is a privilege indeed for me to have been invited to dis- 
7 cuss this evening the current status of the development 
Hl if i of antimicrobial agents. To consider how far one has 
J advanced in any field of endeavor is invariably worth- 
— while, for it forces one to give consideration also to that 
which has not been accomplished. 
Much of what I shall say tonight will be historical in nature, for, as 
pointed out recently by a well-known scientist: 


| 


“The past underlies the present, qualifies and moderates it, in 
some ways limits it and in some ways enriches it. . . . 

“It is a recurrent experience of scientific progress that what was 
yesterday an object of study, of interest in its own right, becomes 
today something to be taken for granted, something understood and 
reliable, something known and familiar — a tool for further research 
and discovery.”* 


Like many developments in science, knowledge of the antimicrobial 
agents has grown in haphazard fashion, Isoniazid (isonicotinic acid 
hydrazide), one of the most powerful antimicrobial agents in use today, 
was first synthesized by Meyer and Mally* in 1912. By that time, sulf- 
anilamide already had been synthesized by Gelmo in 1908.’ Paul 
Ehrlich already had called attention to the potentialities of chemothera- 
peutic agents, and microbiologic techniques for their study already had 
been well established by Pasteur, Koch, and others. It was not until a 
quarter of a century later, however, that attention was focused specifi- 
cally on evaluation of the potential significance of sulfanilamide, its 


* Presented at the 27th Graduate Fortnight of The New York Academy of Medicine, October 25, 1954. 
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derivatives, and other similarly active compounds. It was not until forty 
years later that the chemotherapeutic properties of isoniazid were 
demonstrated. 

Two decades have now elapsed since the chemotherapeutic activity 
of Prontosil rubrum was first described by Domagk* and since Levaditi 
and his associates’ first demonstrated that the para-aminobenzene sulfon- 
amide group breaks away from the rest of the Prontosil molecule in 
vivo, and is responsible for its chemotherapeutic properties. The sub- 
sequent synthesis of an extensive series of related compounds and defini- 
tion of the scope and limitations of these agents, coupled with the timely 
observations of Dubos® on the action of gramicidin, served as a stimulus 
to Florey and his co-workers" * in their studies of the action of penicil- 
lin. Together, the observations made on these compounds introduced 
chemotherapy on a sound basis into medical practice. 

The results obtained with the sulfonamides unquestionably were 
dramatic in nature. The remarkable effects achieved with penicillin, 
however, and the announcement of the discovery of streptomycin with- 
in a few years after its introduction, placed emphasis upon the prevalence 
of antibiotic-producing microorganisms in nature, Interest in biologic 
sources of these compounds was in no way diminished by the early 
difficulties encountered in the production of penicillin on a large-scale 
basis, In the search for additional compounds with chemotherapeutic 
properties, attention was thus focused for almost ten years thereafter 
upon those species of microorganisms which could be cultivated in 
quantity. Efforts in this direction were rewarded by the discovery of 
the tetracycline group of antimicrobials and numerous other compounds 
with specific although more limited action. It was perhaps the success 
of the carefully designed large-scale microbiologic studies, conducted 
during these years, that drew attention away from the field of synthetic 
chemicals. It is the success of these studies, perhaps, that accounts for 
our being largely dependent, in the year 1954, upon chemotherapeutic 
agents produced by organisms occurring in nature, although fully aware 
of the potentialities of synthetic chemicals. 

One may justly wonder, at this time, if progress in the field of 
chemotherapy perhaps has been retarded by our having placed so much 
emphasis on those agents produced by living microorganisms. If as much 
emphasis had been placed, during the past ten years, upon evaluation 
of the chemotherapeutic properties of known or easily synthesized 
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chemical compounds, would greater strides have been made toward the 
control and eradication of infectious disease? Will the presently ac- 
cepted and highly effective antibiotic agents be replaced in the future 
by synthetically-derived chemicals, as quinine has been replaced by 
chloraquin and primaquin? 

It is of interest, perhaps, that, in the year 1953, the production, with- 
in the United States, of antibiotics alone totalled 2.1 million pounds, 
while the total sales exceeded 1.85 million pounds, According to a recent 
preliminary report of the United States Tariff Commission,’ this repre- 
sents a sales value of over 251 million dollars. According to this same 
report, an additional 4.7 million pounds of sulfa drugs, with a sales 
value of nearly 17 million dollars, likewise were produced during this 
same year. These figures do not include isoniazid, para-aminosalicylic 
acid, the sulfones, or other such synthetically-produced compounds. If 
these had been included, the total sales value of specific antimicrobial 
agents, within the United States alone, might well have approached 300 
million dollars, By way of comparison total medicinal sales within the 
United States during 1953 amounted to 54.2 million pounds, with a total 
dollar value of 409.1 million. 

The fact that such quantities of the antimicrobial agents were pro- 
duced and marketed within a single year is indicative of the position 
which they have assumed in the health and economy of our nation. The 
ready acceptance of such tremendous amounts is in a sense a measure 
of their established usefulness. 

Production figures are not available for most countries other than 
the United States. It is known, however, that the production of anti- 
biotics has spread to the four corners of the world, and, while the 
United States is still the leading manufacturer of these products, they 
are now being fermented on all five continents. In the Western Hemi- 
sphere, private firms are fermenting penicillin in Brazil, Argentina and 
Canada. In Europe, the United Kingdom is producing about double 
its home consumption and exporting the remainder all over the world. 
Indeed, it has been reported that 97,360 billion international units of 
penicillin, i.e., equivalent to 128,670 pounds, were produced in Great 
Britain during 1953.’° The German pharmaceutical industry has shared 
in the rapid recovery of the whole German economy and it now pro- 
duces penicillin and streptomycin for export as well as for its local 
needs. Both Italian and French pharmaceutical companies, furthermore, 
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have taken up antibiotic fermentation on a large scale, while the Scandi- 
navian countries are represented in the picture with Sweden and Den- 
mark also producing penicillin, In the Far East, Japan is becoming a 
major exporter of antibiotics, while penicillin fermentation is being 
undertaken not only by private companies but also by government 
laboratories in countries such as India and Australia, Indeed, in the 
latter country, chloramphenicol likewise is produced currently, Behind 
the “iron curtain,” there are five plants about which we have received 
news —two in Poland, one in Hungary, one in Rumania, and another 
in East Germany which are producing chloramphenicol. 

In addition to those antibiotics actually produced in foreign coun- 
tries, however, exports of antibiotics from the United States to other 
countries totalled, in 1953, more than 310,000 pounds, with a sales value 
of over go million dollars."* They reached during the past year es- 
sentially all countries except those within the “iron curtain.” It is un- 
fortunate, however, that, despite the efforts of the World Health Or- 
ganization and other similar agencies, economic conditions do not permit 
the antimicrobials to exert their full effectiveness in those very areas 
where the need for them is greatest. While economic conditions in many 
countries undoubtedly are influenced in large part by the health of the 
people of that nation, local taxes make the antimicrobial drugs prohibi- 
tive, generally increasing the cost to double that in the United States. 
Governmental regulations, local beliefs and customs, and at times super- 
stition, furthermore, restrict their usage. 

The development and large-scale production of antimicrobial agents 
may be considered today to be “an art,” —a skill dependent upon prac- 
tice and performance and acquired by experience, study and observa- 
tion. Insofar as the antibiotics are concerned, increased knowledge con- 
cerning strain mutations has contributed significantly to their avail- 
ability. The application of engineering principles to the design, develop- 
mental and operating phases of fermentation processes has accounted, 
however, in far greater measure for the phenomenal increase in their 
output, 

Penicillin, streptomycin and dihydrostreptomycin, tetracycline, 
oxytetracycline, and chlortetracycline, chloramphenicol, the sulfon- 
amides, isoniazid, and para-aminosalicylic acid are among the most wide- 
ly used antimicrobials today. In addition, neomycin, polymyxin B, 
bacitracin, erythromycin and carbomycin, viomycin, tyrothricin, stil- 
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bamidine, and the sulfones are used in special circumstances. Mention 
should be made also of pyrazinamide for, although not widely available 
at present, frequent reference will be made to it in the present discussion. 

The sulfonamides, isoniazid, para-aminosalicylic acid, the sulfones, 
stilbamidine, and pyrazinamide are produced by chemical synthesis only. 
The chemical structures of penicillin, streptomycin, chloramphenicol, 
and the three tetracyclines furthermore have been described, while 
chloramphenicol, originally produced through a fermentation process, 
has now been synthesized chemically and indeed is produced com- 
mercially by a synthetic process. 

The antimicrobial agents which are in use today are essentially ones 
that “happened to be effective”; they came into clinical use through 
the process of “survival of the fittest.” No information was available 
originally to explain why these, and not others, were effective. Despite 
the fact that the element of chance strongly influenced both their dis- 
covery and the development of our knowledge concerning them, how- 
ever, certain principles have been established, and certain concepts in- 
troduced. Today, we find ourselves attempting to evaluate these prin- 
ciples and concepts, and attempting, in a very human and totally in- 
adequate manner, to introduce rationality into a problem that perhaps 
will always defy rationalization, 


It has been recognized for some time that the two basic principles 
of antimicrobial therapy undoubtedly are: 1)To be effective, an anti- 
microbial agent nnust be capable of exerting its growth inhibiting action 
in vivo against the specific microorganism concerned; and 2) once within 
the body, it must reach the site at which the microorganism resides in 
sufficient concentration and must remain there for a sufficient period of 
time to permit it to exert its effects. Many factors, however, operate to 
prevent a drug from acting in vivo, and evaluation of those hurdles 
which a good chemotherapeutic agent must surmount in order to survive 
is essential before a rational approach to chemotherapy can be in- 
troduced, 

Of prime importance is the fact that susceptibility of a given micro- 
organism to a given antimicrobial agent in vivo is a necessary prerequisite 
for chemotherapeutic effectiveness, Organisms resistant to a given agent 
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in vitro are unlikely to be susceptible in vivo unless, as was the case with 
Prontosil rubrum, that compound is converted within the host to an- 
other substance capable of inhibiting growth of the microorganism in 
question. A compound exhibiting a significant degree of antimicrobial 
activity in vitro, on the other hand, may or may not show similar activity 
within the host. The degree to which in vitro and in vivo effects cor- 
respond varies with the compound in question, and is dependent in large 
part upon its pharmacologic properties. Susceptibility of an organism 
to a given agent is an essential prerequisite; it is not an adequate prere- 
quisite for drug effectiveness. 

The notion that bactericidal action in vivo may be essential to fully 
efficient antimicrobial therapy is currently receiving widespread con- 
sideration, It is difficult, of course, to estimate the degree of bacterio- 
static or bactericidal action that may result within the host. Furthermore, 
one cannot state with certainty the extent to which an antimicrobial 
agent may be responsible for the effect observed, or the extent to which 
the resistance of the host may influence the end result. 

In those instances in which control of an acute infection by an anti- 
microbial agent has implied to the casual observer that the invading 
microorganisms have been eradicated by that antimicrobial, actual evi- 
dence to this effect has not been forthcoming. In this regard it is of 
interest, perhaps, that extensive study of morphologically healed tuber- 
culous lesions, removed from patients who had received chemotherapy 
for periods ranging from four to twelve months, has indicated that 
tubercle bacilli remain viable in the majority of instances, and that the 
viability of these organisms can be demonstrated."* Undoubtedly not all 
of the bacilli present in such lesions are viable; nonetheless, a portion is 
alive. They can be cultivated in vitro, and presumably they could mul- 
tiply in vivo and bring about relapse under appropriate conditions, The 
evidence with respect to this particular infection emphasizes the fact 
that it is seldom, if ever, possible to eradicate every single member of a 
particular infecting microbial population. 

The very fact that chemotherapy merely slows or halts multiplica- 
tion of the microorganism implies that the success of chemotherapy 
must depend upon the ability of the patient to control the infection 
after the administration of the drug has been discontinued. Chemother- 
apy may speed the process of healing, or may increase the frequency of 
success in an individual; it cannot alter the basic mechanism of healing. 
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Various factors which conceivably may act to prevent sterilization 
of lesions within the host have been discussed recently by McDermott," 
who has offered three possible explanations for the phenomenon. It is 
of interest to consider these in detail, for in so doing attention is focused 
upon those notions and concepts which reflect the extent of present 
knowledge concerning the action of antimicrobial agents in vivo. Many 
of the points which will be mentioned may well have been discussed 
previously during this Fortnight. They will be mentioned again at this 
time, however, in order to show how they relate to each other and 
perhaps contribute to the gradual development of a rational understand- 
ing of chemotherapeutic action. 


Failure to sterilize lesions may be due to the fact that: 

1. Certain of the parasites are so situated within the body that they 
are not reached by the antimicrobial drug: As stated previously, abund- 
ant evidence is available to indicate that an antimicrobial agent will be 
effective in vivo only if it reaches the site of the invading microorganism 
in a concentration sufficient to inhibit its growth. An understanding of 
the pharmacologic action of a drug, therefore, is essential in evaluation 
of its degree of chemotherapeutic activity and in evaluation of the 
manner in which it can most effectively be administered. 

Experience with penicillin, more than with any other agent, has 
served to emphasize the variable pharmacologic effects that may be 
obtained with different forms of a single substance, and the extent to 
which distribution of a drug within the body may be influenced by 
alterations in the molecule, or by use of appropriate carrying vehicles. 
For example, it is well known that the rapid absorption and excretion 
of sodium or potassium penicillin G when administered in aqueous solu- 
tion, although at times advantageous in that peak concentrations are 
reached in the blood within a few minutes, makes administration of 
the drug difficult in many instances. This rapid absorption is due in 
large part to the high solubility rate of these particular penicillin salts. 
Procaine penicillin, in contrast, is a salt which is much less soluble in 
water, and long-sustained concentrations of penicillin are obtained in 
the blood and urine following administration of this form of the anti- 
biotic. In like manner, the sparingly soluble salt, benzathine (N, N*- 
dibenzyl ethylenediamine dipenicillin), is released slowly from tissue 
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depots, with resultant prolonged levels of penicillin in the blood follow- 
ing its administration, If a substance is rapidly absorbed, the normal 
process of excretion may reduce its effectiveness. Conversion to a less 
soluble form, however, may increase its chemotherapeutic potentialities, 
while control of crystal or particle size may further regulate the rate 
of solubility and thus the speed with which it is released into the gen- 
eral circulation. Through an understanding of the chemical and physical 
properties of a compound one may enhance significantly its potentialities. 

To date, only those antimicrobial agents capable of distributing 
themselves throughout the extracellular fluids of the body and capable 
of exerting demonstrable activity within such fluids have come into 
widespread use. In general, these compounds have been most effective 
in the control of acute microbial infections in which the invading micro- 
organisms have been located in readily accessible areas within the host. 
In such instances, in vivo susceptibility of the invading microorganism 
to an antimicrobial agent has generally been a sufficient basis for the 
assumption that a therapeutic response would be achieved with that 
antimicrobial, provided adequate dosage was used. Distribution of the 
drug throughout the extracellular fluids of the body with measurable 
concentrations in the blood presumably has created in such persons a 
situation in which the organisms were as vulnerable to attack by the 
antimicrobial as they would have been in an in vitro system. 

The two cardinal principles of antimicrobial action, namely in vivo 
susceptibility of the invading microorganism to the agent concerned, 
and distribution of adequate quantities of that agent to the site at which 
the organism resides, imply that in some situations distribution of the 
drug throughout the extracellular fluids of the body may not be sufficient, 

In chronic types of infection, the invading microorganisms generally 
are located in areas of necrosis. The ability of streptomycin and isoniazid 
to penetrate into necrotic lesions has been demonstrated by microbio- 
logic assays on resected tissue, but no such data are available with re- 
spect to other antimicrobial substances. Unquestionably, an antimicro- 
bial will be fully effective in the control of suppurative lesions only 
if capable of penetrating into necrotic tissue; and, what is probably of 
greater importance, it will be fully effective against such lesions only 
if capable of exerting full antimicrobial activity in the presence of 
necrotic tissue. Since many bacilli often exist within monocytes, it is 
apparent, furthermore, that an antimicrobial agent will be fully effec- 
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tive in the control of such infections only if capable of traversing the 
cell boundary. Indeed, it is not unreasonable to assume from the data 
presented by Mackaness with respect to antituberculous agents that 
the relative activities of antimicrobial agents in the control of those in- 
fections in which microbial cells may exist within monocytes may be 
related in very large part to the ease with which they traverse cell 
boundaries and to the degree of activity which they can exert in an 
intracellular environment. 

2. That certain members of the microbial population are subsisting 
at such a low level of metabolic activity throughout the entire period 
of chemotherapy that they are physiologically imsusceptible to the 
action of the drug: It is unfortunate indeed that relatively little is known 
concerning the exact mechanisms by which antimicrobial agents exert 
their effects against individual microorganisms. Knowledge concerning 
the biochemical and enzymatic processes responsible for bacterial 
growth and reproduction has increased rapidly in recent years, and 
numerous studies have been conducted to determine the effect of anti- 
microbial agents upon these processes.’® Of particular significance in 
this respect are the recent studies by Wisseman and his associates'* 
which indicate that the introduction of chloramphenicol into a rapidly 
growing culture of Escherichia coli is followed by abrupt cessation of 
protein synthesis, although ribonucleic acid and desoxyribonucleic acid 
continue to be synthesized at an unaltered rate after protein synthesis 
has ceased. As pointed out by Wyss,’® however, and as shown so 
clearly by the studies of Wisseman and his associates, when a cell stops 
growing, some cell reactions continue, but many of them stop; the 
problem is to determine which stoppages are causal and which are re- 
sultant of the growth inhibition, Unquestionably, however, the vast 
majority of antimicrobial agents studied to date are most active against 
rapidly metabolizing cells, and conditions which slow the metabolic 
rate may simultaneously diminish antimicrobial activity. 

Dubos,” in a recently published book discussing the “Biochemical 
Determinants of Microbial Diseases,” has summarized various factors 
within necrotic tissue that conceivably may suppress the metabolic 
activities of at least certain species of microorganisms and thus prevent 
an antimicrobial agent from acting against them. Low oxygen tension, 
local acidity, the presence of free fatty acids and other antimicrobial 
agents liberated by autolytic processes during necrosis, as well as other 
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factors, contribute to the development of an environment capable only 
of suppressing metabolic processes, 

McDermott and Tompsett'* recently reported that pyrazinamide 
and nicotinamide are highly active tuberculostatic agents when tested 
at the pH of inflammatory tissue, e.g., pH 5.0 to 5.5, but that these 
compounds show virtually no activity when used within the so-called 
physiologic ranges of pH. According to these investigators, the pyrazin- 
amide and nicotinamide activation in the acidic environment, with no 
demonstrable activity at neutrality, is a distinctly unusual phenomenon 
among the antibacterial drugs which have been in general use. None of 
the others tested, with the possible exception of penicillin,’® exhibits 
its maximal activity when the environment becomes more acid. 

In 1944, at the Seventeenth Graduate Fortnight held at this Acad- 
emy, Dubos,” in a discussion of the mode of action of chemotherapeutic 
agents in vitro, commented: 

“Another factor worth considering in analyzing reasons why so 
many antibacterial agents are ineffective on infected wounds or 
burns is that the reaction of these tissues is often more acidic than 
that of the blood. It is a known fact, on the other hand, that most 
antibacterial agents become less active as the pH is lowered. One 
may wonder, therefore, whether the problem of infected wounds 
and burns will not demand that attention be directed toward a class 
of substances exhibiting an optimum zone of activity slightly on the 
acid side.” 

Only now is this important fact receiving consideration. As stated 
by McDermott and Tompsett,"* however: 

“ . , from what little is known about the biochemical environ- 
ments of infectious processes, it is clear that they are quite compli- 
cated and probably subject to rapid changes in character, Conse- 
quently, although the biochemical environment of the lesion is 
probably responsible for most chemotherapeutic failures, it is un- 
likely that any one environmental factor, such as the degree of 
acidity, will represent the sole determinant of the antimicrobial 
activity of a drug.” 

The evidence unquestionably is inadequate. Insufficient is known 
concerning the mechanism by which antimicrobiai agents act specifi- 
cally to inhibit growth of microbial cells; insufficient is known con- 
cerning the factors within the host that may interfere with such inhibi- 
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tory effects. Nonetheless, based on that evidence which does exist, it 
seems highly unlikely that any of the currently available antimicrobial 
agents, except possibly pyrazinamide, — even if capable of penetrating 
into necrotic tissue, — would be fully active against microorganisms lo- 
cated therein, This remains one of the major unsolved problems in the 
field of antimicrobials today, and imposes an important limitation upon 
their scope, 

3. That the microorganisms which survive represent the more drug- 
resistant fraction of the total infecting population: In 1944, Bigger” 
reported that penicillin may fail to sterilize large populations of staphy- 
lococci in vitro because of the presence of so-called “persisters,” 1.c., 
organisms which are not undergoing cellular division and against which 
penicillin, therefore, is capable of exerting little or no effect. It was 
suggested that, in some instances, failure to cure staphylococcal infec- 
tions in man with penicillin might be due to the presence of similar 
“persisters” in vivo. Such cells were estimated to be few in number, 
rarely exceeding one per million bacteria. 

Other investigators*® * have similarly observed small numbers of 
organisms, within otherwise susceptible strains, not inhibited by penicil- 
lin and yet with penicillin-susceptible progeny. 

The difference between the so-called “persisters” and resistant cells 
is, in part, that the former, on subculture, give rise to drug-susceptible 
progeny, while the latter give rise to resistant cells; it is in part a quan- 
titative difference. Whereas the former exist in small numbers and 
merely prevent total sterilization, the latter readily increase in number 
and interfere also with the degree of bacteriostatic effect observed.™ 
The eradication, therefore, of “persisters” presents a totally separate 
problem than does the control of drug-resistant strains. 

It is scarcely necessary to comment on the emergence of drug-resis- 
tant strains. It is well known that microbial strains may be susceptible 
to one or more antimicrobial agents, they may be naturally resistant to 
such agents, or they may be resistant due to previous contact with the 
antimicrobial. Unquestionably, resistance develops more rapidly to some 
agents than to others, but perhaps of greater importance, is the fact 
that emergence of drug resistance is more frequent among some species 
of microorganisms than others. Indeed, what evidence there is at pres- 
ent suggests that quite possibly resistance becomes a problem only when 
dealing 1) with those microorganisms capable of adapting themselves 


March 1955, Vol. 31, No. 3 


* 
- ris 
- 
; 
| 
Var 
4 
Pe 
| 
\r 
7 
y 
= 
a 
a 
4 


192 GLADYS L. HOBBY 


readily to growth under various or adverse circumstances, or 2) with 
those species which are difficult to identify by serological or biochemi- 
cal means and perhaps may be considered to be “impure” in the sense 
that the population within a single strain conceivably may be comprised 
of representatives of various strains, Emergence of resistance has rarely, 
if ever, been noted among those microbial species with the most fas- 
tidious growth requirements, ¢.g., Streptococcus hemolyticus, Diplo- 
coccus pneumoniae, etc. 

It is of interest in this regard to recall, perhaps, that each discovery 
in medicine uncovers a problem, Just as the introduction of the sulfona- 
mides and penicillin uncovered the disease, primary atypical pneumonia, 
so also the widespread use of streptomycin, isoniazid, and para-amino- 
salicylic acid has led to recognition of the possible pathogenic significance 
of certain “atypical acid-fast bacilli” while the widespread use of the 
so-called “broad-spectrum antimicrobial agents” has aroused speculation 
concerning the nature and pathogenicity of staphylococci and certain 
other microbial species. 

The appearance of resistant strains in vivo has been associated in 
large part with changes in microbial flora resulting within the host from 
administration of the antimicrobial agents. The occurrence of similar 
changes in flora, when species of microorganisms present in a given 
area are eliminated, is a natural phenomenon in nature, The new popu- 
lation, present after antimicrobial therapy, does not necessarily consist 
of drug-resistant variants of the organisms originally present in the 
individual patient’s flora; rather, it consists of organisms which presum- 
ably were previously incapable of competing against those normally 
present within the host but now are able to grow and multiply in the 
absence of such competing cells. 

It is reasonable to assume that occasionally a newly established 
organism may possess some degree of pathogenicity, Only in rare in- 
stances, however, have such microorganisms, — newly introduced into a 
host and/or increasing to predominant numbers within the host as a 
result of antimicrobial therapy, appeared to be pathogenic. In these few 
instances, surgical intervention generally has been associated with sys- 
temic invasion by the microorganisms, and it is not unlikely that factors 
associated with trauma may be essential to entry of these organisins 
into the body and to subsequent establishment of systemic infection. 
The nature of these factors has not been determined. It is of interest 
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in this regard, however, that Hammond and her associates** have de- 
scribed a strain of Pseudomonas aeruginosa, which on oral inoculation 
is quite harmless for mice, but which is rapidly fatal in irradiated mice 
infected on the eleventh day post irradiation, Since susceptibility to the 
infection is less on the fifth day post irradiation, and least of all directly 
after irradiation, and since damage to the intestinal mucosa is maximal 
within the first few hours after irradiation, these investigators conclude 
that the increased susceptibility of these animals is not due to increased 
permeability of the mucosa of the gut, but to impairment of the animal's 
natural defenses against infection. 

Diverse opinions exist as to the long-range significance of the emer- 
gence of microbial strains resistant to the presently available antimicro- 
bial agents. Nonetheless, as recently pointed out by Dowling,” a resistant 
strain, although of considerable importance to the individual harboring 
it, undoubtedly must be transmitted to other susceptible hosts if it is to 
assume larger significance. 


“The number of resistant bacteria in any given community will 
be directly proportional to the number of carriers of resistant bac- 
teria, the number of susceptible hosts, and the frequency and inti- 
macy of contact between the two, The spread of resistant strains 
may be prevented by the use of proper isolation technics or by 
raising the resistance of the host to the microorganism concerned.” 


One might add that the spread of resistant strains may be prevented 
also by use of antimicrobial agents only when there is a specific indica- 
tion for such therapy, and then only in full therapeutic dosages. The 
currently prevalent trend to administer these drugs for prophylactic 
purposes is one which may well lead to unfortunate circumstances in 
the future. 


In summary, therefore, we find that the past ten to fifteen years 
have seen the introduction of large numbers of antimicrobial agents 
capable of controlling infectious diseases produced by a wide variety 
of pathogenic microorganisms, These ten to fifteen years have seen the 
development of methods for producing these agents within the United 
States in quantities sufficient to treat well over 100 million patients 
vearly, while the manufacture and distribution of these agents has been 
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extended throughout the world, During these ten to fifteen years, the 
mechanisms by which these agents exert their effects, both in vitro and 
in vivo, have been partially elucidated, and the conditions under which 
they may fail to act to some extent recognized. 

The events of the past decade have brought us to a point at which 
one can no longer deny or question the value of these compounds as 
chemotherapeutic agents, when used either singly or in combination 
in appropriate situations. Yet they have brought us also to a point at 
which it is recognized that the limits of chemotherapy unquestionably 
are set by the amount of tissue destruction that has taken place before 
drug therapy is started, and by the sterilizing capacity of the drug or 
combination of drugs used, It is now a well accepted fact that the 
limits of chemotherapy can be extended only by the defense mechanisms 
of the body and/or by surgical intervention. It is with this in mind 
that Smadel, Woodward and their associates” are investigating the 
relation of the immune response to antimicrobial effects, while resec- 
tional surgery is widely used today in the treatment of tuberculosis. 
Quite probably it is for this reason also that the future will lie in 
attempts, already being made at least on an experimental basis, to alter 
the nature of the lesion by means of hormones, enzymes, or other such 
substances. 

No mention has been made concerning the growth stimulatory 
properties of the antimicrobial agents. Of considerable economic im- 
portance, however, is the fact that minute amounts of penicillin, 
chlortetracycline, oxytetracycline, and bacitracin are capable of stimu- 
lating growth rates in poultry, while oxytetracycline and chlortetracy- 
cline are effective in swine, Many of the antimicrobial agents are cap- 
able likewise of stimulating growth rates of plants, and attempts are 
being made currently to elucidate the manner in which these effects 
are brought about. 

Time does not permit comment concerning the various other uses 
being developed for the antimicrobial agents. The wide variety of 
conditions under which they may exert their growth inhibitory or 
growth stimulatory properties, however, continues to encourage the 
search for new ones, 

In the development of new antimicrobial agents, the element of 
chance, once so important in antibiotic research, still influences the 
initial isolation of a strain capable of producing an antimicrobial sub- 
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stance; it influences the selection of the proper group of chemical com- 
pounds for study and evaluation, Techniques for the rapid testing of 
the antibiotic-producing properties of microorganisms, and knowledge 
concerning the growth requirements and optimum environmental con- 
ditions for growth of these organisms, however, has facilitated the 
search for new compounds. Paper chromatography, a technique designed 
to separate minute quantities on specially treated filter paper strips, 
allows rapid detection of new compounds or different forms of the 
same substance. By this technique, the identities of compounds may be 
established and their activities indicated even before isolation and puri- 
fication are possible. Refined methods similarly facilitate the recovery 
and purification of those compounds warranting production in quan- 
tity, while infra red, ultra violet absorption, and Craig counter current 
distribution techniques aid in the analysis of the fractions isolated. 

Experience with penicillin, streptomycin, the tetracyclines, and the 
other antimicrobial agents has established techniques for evaluation of 
new ones, and baselines for comparison, Despite this, however, specu- 
lation strongly influences one’s interpretation of the potentialities of a 
compound, as suggested by experimental observations. The problem 
today is to choose among the many active compounds isolated. Not all 
can be produced on a large scale, for there is competition for fermen- 
tation tanks, for equipment for their recovery or synthesis, for animals 
and indeed suitable patients for their evaluation. One must select those 
that will be studied extensively and the very notions and concepts 
which we have discussed tonight form the basis on which the decision 
must be reached today. Without doubt, these notions at times may lead 
to erroneous decisions, and the element of chance is eliminated only 
insofar as our understanding of the mechanism by which these agents 
act in vivo may be correct, 

In evaluating a new antimicrobial agent today, it is not enough to 
know that it is capable of exerting chemotherapeutic effects, Instead, 
one must ask: How effective is it in comparison with other available 
agents? Can it act against microorganisms located within necrotic tissue, 
as well as in the blood and extracellular fluids? Is it fully effective 
against microorganisms located intracellularly? Is it less likely to cause 
side reactions than other compounds covering the same disease spec- 
trum? By what route must it be administered, and what will be its cost 
to the patient per day? If not suitable for systemic administration to 
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humans, does it have potentialities as a topical agent, or does it have 
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industrial or agricultural uses? If not powerful enough to act alone, 
can it act synergistically? 
The problem today is no longer a simple one, Furthermore, it is 
no longer centered merely on increasing the number of antimicrobial 
agents available, It is centered rather on “tailor-making” them to fit a 
specific need, Just as demonstration of the chemotherapeutic action of 
the sulfonamides stimulated interest in the action of penicillin, so also 
the discovery of many antimicrobial agents in nature has stimulated 
the desire to synthesize them chemically and to seek out those bio- 
chemical and enzymatic processes through which they exert their effects. 
Unquestionably time and experience will clarify our understanding 
of these compounds and of the manner in which they act, either in an 
in vitro environment or within the host, to diminish or to stimulate 
growth rates. At present, one can only speculate. 
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MODERATOR DOCK: We are talking about the management of a 
disease and yet there is really no agreement about whether there is any 
management. At the present time experts in the field of study of athero- 
sclerosis in man and in animals are not in agreement as to whether this 
disease is in any way controllable, in other words, whether there is any 
management for atherosclerosis. On the panel we have men who are 
studying this problem with experimental techniques in animals and in 
men, What we want to do is to give you different points of view. 
Finally, we will ask each one of the members of the panel what answer 
he would give a young patient who had a recent myocardial infarction 
and who asked him, “Is there anything I can do to control the rate 
at which this disease progresses?” 

We will begin by asking each one of these men to give us some 
general idea of his point of view about the situation. | shall begin 
by asking of Dr. Forrest Kendall because Dr. Kendall, more than any 
of the rest of us, has been interested in the experimental work in ani- 
mals, It was from Anitshkow’s work, now nearly forty years ago, that 
there developed evidence that perhaps atherosclerosis was an acquired 
disease for which there might be some effective management. / will start 
by asking Dr. Kndall, who is at the Goldwater Memorial and on the 
faculty of Columbia University, what he thinks, as of this afternoon, 
about the possibility that atherosclerosis in man may be an acquired 
disease. 

DR. FORREST E. KENDALL: [| am convinced at the present time that 
arteriosclerosis should be considered a disease of metabolic origin, | 
am inclined to believe that faulry metabolism of cholesterol is involved 
in some way. Of course, in our experimental work most of the emphasis 
has been upon cholesterol because we have been able to produce lesions 
very similar to the lesions seen in clinical arteriosclerosis by maintaining 
high serum cholesterol levels in dogs, rabbits and quite recently in 
monkeys There has been considerable question as to whether the same 
conditions are required for the production of clinical arteriosclerosis 
in man. It has been impossible to show a close correlation between the 
serum cholesterol levels commonly seen in the American population 
and the degree and severity of arteriosclerosis observed. For instance, 
many years ago Sperry and Landy examined a series of Medical Exam- 
iner cases, most of which represented accidental deaths. They analyzed 
serum and tried to correlate serum cholesterol levels with the degree 
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of arteriosclerosis, both generalized and coronary, found in these 
patients upon examination. They were unable to show that there was 
any correlation between the serum cholesterol level and the severity 
of the disease, But there is another interesting feature about this report. 
They found that all but three of the 101 cases over the age of thirty 
had definite arteriosclerosis of the aorta. Their findings might possibly 
be taken to indicate that the range of serum cholesterol levels found in 
the average American population is sufficiently high to cause arterioscler- 
osis. The range of values in an American population may not be normal 
values. They may represent hypercholesterolemia. If we examine a 
population from areas of the world where arteriosclerosis is not a 
universal disease, where the incidence of both generalized and coronary 
arteriosclerosis is distinctly low, we find this freedom from arterio- 
sclerosis associated with low serum cholesterol levels. Likewise if we 
examine a selected population whose serum cholesterol levels are mark- 
edly higher than is considered to be normal for our population we find a 
much earlier and more severe involvement. So I think in clinical arterio- 
sclerosis we have pretty much the same relationship between the serum 
cholesterol levels and the incidence of the disease that we can demon- 
strate in experimental animals, I don’t think serum levels alone tell the 
whole story. I think the recent work on the lipoprotein fractions from 
Gofman’s laboratory, and particularly the work in the alpha and beta 
lipoproteins from Barr’s laboratory create the suspicion that the mature 
of the cholesterol in the serum may play just as large a role in the dis- 
ease as does the level. 

Barr has recently pointed out that if we compare the distribution of 
the cholesterol between the alpha and beta lipoprotein fractions in 
animals that normally show a very small incidence of arteriosclerosis 
with the ratio between the alpha and beta lipoproteins in human beings, 
the difference is great. Animals free from arteriosclerosis transport most 
of the cholesterol in the alpha lipoprotein fraction. Human beings trans- 
port most of it in the beta. We have been able to show that when 
animals are fed diets which produce hypercholesterolemia we get a shift 
of the cholesterol from predominantly alpha to predominantly beta lipo- 
proteins. This may be the key to the problem. 

MODERATOR DocK: Dr. Kendall, Dr. Eder is here and will talk about 
some of these problems in man. 

DR. KENDALL: One thing that we should consider in this problem 
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is the fact that the serum cholesterol is not a level level and distribution 
is not a property of the blood alone. The blood provides a transport 
mechanism and the level of cholesterol (or of any component) in the 
serum is the result of a balance between the rate at which this substance 
is poured into the blood stream and the rate at which it is taken out. 
We and others have obtained quite a bit of information about how 
cholesterol enters the blood stream. We know practically nothing about 
how it is taken out. I suspect that the factor that determines the level 
is located in the peripheral tissues, that the final level is determined by 
the ability of the cells throughout the body, muscle cells in particular, 
to utilize and dispose of cholesterol presented to them, I suspect that 
the level in an individual or an animal is under the control of the hor- 
mone system of the body. I am theorizing now. I think that the most 
hopeful line of approach in a program aimed at the control of arterio- 
sclerosis is through a more complete investigation of the role of hor- 
mones in controlling metabolic processes in the cells. 

MODERATOR DOCK: | think we had better ask Dr. Adlersberg, who 
has been interested in the genetic background for a long time, as has 
Dr. Wilkinson, whether the patients that have hypercholesterolemia 
show other evidences of endocrine disturbance, because this problem 
has been raised by Dr. Kendall's suggestion. If so, is there any evidence 
that we can control the disease in patients with hypercholesterolemia 
by any sort of hormonal therapy? Dr. Adlersberg! 

DR. DAVID ADLERSBERG: I would like to begin by stating briefly that 
I also believe that atherosclerosis is a disease. | am much impressed by 
the change that has occurred during the last ten or fifteen years in the 
thinking of the clinician concerning atherosclerosis, Whereas previously 
it was considered to be just a phenomenon associated with the process 
of aging and was associated with the idea that nothing could be done 
about it, most of us now seem to believe that atherosclerosis is a disease. 
It is more frequent in old age, but it kills many people at a young age 
too. On the one hand, one finds among people over seventy, a small 
percentage indeed who are free of atherosclerosis although their vas- 
cular systems may present evidence of aging of the arteries in the form 
of elongation, dilatation, etc. On the other hand, one may find young 
individuals with very extensive atherosclerosis who may be killed by 
this disease at the age of twenty to thirty and sometimes even earlier. 
Now if this is a disease, then we ought to concentrate on the study 
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of its etiology, pathogenesis, clinical manifestations and, possibly also 
in the future, on treatment and prevention. For the latter point, | must 
admit that, in my opinion, there is no definite scientific basis as yet. 

We have been particularly interested in the familial occurrence of 
atherosclerosis and of the disorder of lipid metabolism which may be 
associated with it. Although I believe that cholesterol is important in 
the pathogenesis of atherosclerosis in man, as well as in the experimental 
animal, | do not believe that we should limit ourselves only to choles- 
terol, or as a matter of fact, to lipids only. It is possible that the meta- 
bolic defect goes deeper than that and involves, for instance, certain 
protein-carbohydrate aggregates, mucoproteins, and possibly other sub- 
stances as well. There is some evidence for that at present, In these 
same families one is struck by the fact that typical manifestations of the 
fully developed disease are not frequent. In other words, you don’t find 
many members of these families who have the syndrome, say of 
xanthelasma, coronary artery disease, corneal arcus, and xanthoma 
tendinosum or tuberosum. In a generation of siblings there may be one 
or two who will present the whole syndrome, one or two who may 
present only the skin manifestations of xanthomatosis and some who 
will only present the chemical metabolic error of hypercholesterolemia. 
We know that hypercholesterolemia is only one important facet of lipid 
metabolism disturbance. Profound disturbance of lipoproteins is asso- 
ciated with hypercholesterolemia. | am sure this aspect of the problem 
will be discussed later. 

As far as hormonal changes in our patients are concerned, it is very 
difficult to make a statement on that. Dr. Hamilton is of the opinion 
that some of these hypercholesterolemic patients probably have changes 
in their sexual sphere. We have the impression that some of these pa- 
tients have rather small families. However, not much more can be said 
on that. We know that some hormones very definitely have an effect 
on lipid metabolism. Probably the most important are the thyroid and the 
female sex hormone, We believe that the adrenal cortex plays a role 
but the real extent of this control cannot be stated at present. 

MODERATOR DOCK: You feel at present that there is no indication for 
thyroid hormone therapy, for examrple, in managing your patients with 
hypercholesterolemtia? You don’t try to raise the level of thyroid activity 
by feeding thyroid? 

DR. ADLERSBERG: We have used thyroid in a number of these patients 


Bull. N. Y. Acad. Med. 


The Management of Arteriosclerosis 203 


and employed certain tests to see if we could evaluate the function of 
the thyroid. Only a small minority of them showed evidence of effect 
with thyroid hormone, while the others showed no effect. 

MODERATOR DOCK: Dr, Wilkinson, you also have been interested in 
the genetic background of some of these patients and one of the things 
that struck you was the families that had hypercholesterolenia and had 
very little coronary disease. Will you speak about this phase of the 
program? 

DR. CHARLES F. WILKINSON, JR.: Yes. Our approach was a little dif- 
ferent from that of Dr. Adlersberg in that we studied large families. 
These were contacted not just because the patient was in the hospital 
and had either hypercholesterolemia or heart disease. We studied mem- 
bers of these families from several days after birth until almost eighty 
years of age. When hypercholesterolemia was the only abnormality 
present we found that there was the same life expectancy in each group. 
This was true of those people who did not have xanthoma. All they 
had was a primary hypercholesterolemia or what we term the syn- 
drome of familial hypercholesterolemia, This is the place to point out 
that there are several different types of hypercholesterolemia which 
can be distinguished one from another, There is a primary hypercholes- 
terolemia, the genetics of which has been fairly well established and 
then there is secondary hypercholesterolemia which may be due to the 
familial hyperlipemia where the basic metabolic fault is the inability of 
the body to remove neutral fat from the blood stream, Myxedema can 
cause a hypercholesterolemia, as may the nephrotic syndrome, diabetes, 
and so on, So when we speak of hypercholesterolemia we must be 
careful to define what type of hypercholesterolemia we mean, 

MODERATOR DOCK: One point that has been emphasized is the relation 
to obesity. Was obesity a frequently occurring feature in these families? 

DR. WILKINSON: Obesity was not a feature of these families. They 
were an offshoot of the Amish Church, by and large foreign. The peo- 
ple ate well, but those who lived in cities were just one or two genera- 
tions away from the farm, and all were relatively hardworking people. 
We had only four or five cases of obesity in almost 300 people. 

MODERATOR DOCK: So obesity wasw’t a feature of the families and 
they had no high incidence of coronary disease although they had 
hy percholesterolenna? 

DR. WILKINSON: Not in the homozygous abnormality, nor in the 
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hypercholesterolemia associated with xanthoma tuberosum. 

MODERATOR DOCK: Coronary disease? 

DR, WILKINSON: The youngest case of angina reported in that series 
was a girl of nine years, autopsied last year at the age of fourteen. She 
had survived, I think, three coronary attacks and died with the fourth. 

MODERATOR DOCK: There is one other aspect of obesity that | would 
like to ask Dr. Eder to talk to us about. In Dr. Barr’s discussions of 
atherosclerosis be indicated that he thought that obesity was an impor- 
tant factor. | wonder if in your studies of alpha and beta lipoprotein and 
cholesterol you found there was a relationship between obesity and a 
relatively high level of alpha and beta lipoproteins? 

DR, HOWARD A. EDER: I believe that Dr. Barr’s conclusions on this 
point perhaps did not come directly from our data but from a review 
of the literature. Since we have made no such studies, no conclusions 
regarding that question are possible from our data. 

MODERATOR DOCK: So in this group there was no direct relationship 
to obesity? 

pk. EDER: In our group we attempted to make no correlation. 

MODERATOR DOCK: In the literature it is often stated that obesity is 
an important factor in coronary disease and I regret to say that my own 
name is on one such paper. Beginning about ten years ago, with Dr. 
Yater’s cases in the Army, going on to Levine, White and Gertler’s 
Boston series and that of Spain in Westchester County, it has been 
shown that people dying of coronary disease before the age of thirty- 
five in the Army, or forty-five in the civilian population, show the same 
number of subjects who are obese, ideal weight or underweight, as 
people killed in accidents or selected because they had the same body 
build and worked and lived in the same community as a patient with 
early coronary disease. Statistically the American literature now presents 
complete disproof of the thesis that obesity contributes to early coronary 
disease. Three entirely different series of studies have been reported, 
but their findings are all the same. 

DR. ADLERSBERG: I would like to say a word on that. Dr. Zak and I 
had a small series of patients who died of coronary artery disease under 
the age of forty-six. This was post mortem material with clinical ob- 
servations available, While in the younger men of this group obesity 
apparently was not a factor, we had the impression that among the 
women of this age group obesity could have been a factor. There was 
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a difference between this group and the control group, the average age 
of which was sixty-two, 

MODERATOR DOCK: Dr, Wilkinson, you have some observations? 

DR, WILKINSON: I think the obesity question is not quite as definitely 
and well proven as Dr. Dock has indicated, In the first place in speaking 
of death by coronary occlusion, one must remember that a little bit of 
coronary atherosclerosis in a wrong place is bad and one may have a 
lot in the body and live to die at ninety and die from something else. 
We should decide whether we are speaking of people who died of a 
coronary, period, or try to correlate the degree of atherosclerosis with 
the other factors. | would like to urge again, that these two approaches 
are entirely different. Dr. Willens in his study at Bellevue came to a 
different conclusion. While he appears to be outnumbered at the present 
time, one could probably find almost as much data on one side of the 
fence as the other. He studied people who died in Bellevue Hospital, 
and whether they died from coronary occlusion was not the point, The 
point was that these people had died and he tried to estimate the amount 
of atherosclerosis present. He found there was a greater degree as well 
as a greater incidence of atherosclerosis in those who were obese. In a 
second paper of his he presented data indicating that people who had 
been obese and then died of a wasting illness, so that they lost their 
obesity, had less atherosclerosis than he would have expected on the 
basis of his first series. He felt that this indicated that the process was 
reversible if weight was lost. Now there is a hooker in that, for we 
should bear in mind that when people die of a wasting disease a lot of 
things happen to their hormonal systems, It is somewhat risky to say 
that the loss of obesity was the cause of the diminished atherosclerosis. 
It might just as well be said that the stress under which these people 
were dying had some effect on the body hormones and thus on athero- 
sclerosis, 

MODERATOR DOCK: Dr. Eder. 

br. EDER: There are two points I would like to make: The first is in 
regard to the point raised as to the use of coronary artery disease as an 
index of atherosclerosis. In practice this is necessary because there is 
really no other index that we can use, 

Recently in the department of pathology at Cornell, Dr. Hood made 
some observations in which he attempted to correlate the extent of the 
amount of cholesterol in the aorta with the extent of coronary artery 
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lesions, It turned out that there was quite a good correlation, 
Secondly, in relation to the question of obesity, I also feel, purely 
from a review of the literature, that perhaps the question is still open. 
The data of Dr. Willens are important. Also it is of interest, in examin- 
ing Yater’s series of young individuals with coronary artery disease, that 
the number of them who were considerably overweight was greater 
than in the control group. Also, there are other series, such as the one 
recently reported by Master, and of course life insurance statistics, that 
suggest that obesity cannot be completely ruled out at the present time. 
MODERATOR DOCK: That cheers me up because | am on record as 
thinking that obesity is related to the early coronary deaths in the Army 
in a small series that we studied. Dr, Yater had much more material. 
From the standpoint of management this is very important. If 
obesity is an important facfor predisposing to atherosclerosis and 
coronary disease, the doctor would presumably recommend to some 
patients that they try to bring their weight down far below the ideal for 
their age or even below the ideal for persons of their body build at 
maturity, All studies indicate that our population gets steadily heavier 
as it gets older. This course is quite unphysiologic. Your bones atrophy 
and your muscles atrophy as you get old and exercise less. The tables 
showing what the average person weighs at any given age, simply indi- 
cate the rate at which oily dropsy develops in our population, If obesity 
were the main factor in coronary disease, patients should try to bring 
their weight below the ideal at the time of graduation from high school. 
Dr. Eder, you have been working with one method of studying the 
fractions of cholesterol in relation to coronary disease and you have 
some observations on hormone therapy as it affects the beta lipoproteins. 
Will you let us know whether there are therapeutic conclusions to be 
drawn from your data? 
pr, epeR: The plasma lipids have been studied by a variety of dif- 
ferent techniques. Originally, because cholesterol was the lipid deter- 
mined in chemical laboratories, lipids were studied exclusively by the 
determination of cholesterol. As methods for determination of phospho- 
lipid and neutral fats became available all of these have been studied. In 
recent years attention has been directed to the fact that lipids don’t cir- 
culate in the plasma as lipid alone but rather in association with certain 
proteins as lipoproteins. Two large groups of lipid-protein complexes 
are present in the plasma. The first group has been called the alpha lipo- 
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proteins because on electrophoresis they migrate with the mobility of 
alpha globulins. The second are beta lipoproteins and | use the word 
“lipoproteins” because | think each group probably consists of a variety 
of slightly different proteins. 

The alpha lipoproteins have a molecular weight of about 200,000 
and contain considerably more protein than there is in the beta lipo- 
protein, Perhaps 50 or 60 per cent of the alpha protein molecule is pro- 
tein whereas in the beta lipoprotein only about 25 per cent of the mole- 
cule is protein and the rest is lipid. In the alpha lipoprotein the propor- 
tion of cholesterol to phospholipid by weight is in the ratio of 0.5. In 
other words, there is twice as much phospholipid in alpha lipoprotein 
as in beta lipoprotein, 

The beta lipoproteins are substances of high molecular weight, about 
1,200,000, 1,300,000, These molecules consist of cholesterol and phos- 
pholipid in the proportions of about 1.3. Thus there is more cholesterol 
in the beta lipoprotein than there is phospholipid as compared to alpha, 
in which there is much more phospholipid. 

This brings us then to a consideration of the various levels that have 
been measured in the plasma. As Dr. Kendall has mentioned, cholesterol 
levels are oftentimes elevated in atherosclerosis. In a series of patients 
the mean level of cholesterol will be higher than the mean level of a 
control population of the same age and sex. On the other hand, in- 
dividual patients will have serum cholesterol levels that fall well within 
the normal range. 

The second development of recent years has been the emphasis on 
the cholesterol-phospholipid ratio, Data were obtained showing that 
patients with atherosclerosis had ratios of cholesterol to phospholipid 
which were higher than in normal individuals. Since phospholipid is a 
very soluble substance it was postulated that perhaps phospholipid served 
to solubilize the lipids. When the amount of cholesterol in relation to 
the amount of phospholipid became great, then the lipids became less 
soluble, It was noted by Man and Peters, quite a few years ago, that 
the cholesterol-phospholipid ratio rose with increasing cholesterol con- 
centrations. In diseases where the cholesterol is elevated, you find high 
cholesterol-phospholipid ratios. Our data indicated that this is due to 
the fact that when cholesterol is elevated there is a higher proportion of 
the beta lipoprotein, which has a cholesterol-phospholipid ratio of 1.2 
as contrasted to alpha which has a cholesterol-phospholipid ratio of 0.5. 
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With accumulation of beta lipoprotein, cholesterol-phospholipid ratio 
in the plasma will rise. In normal young women about a third of the 
cholesterol is found in the alpha lipoprotein fraction, We have separated 
these by Cohn chemical fractions. They may be separated by a variety 
of different methods and I do not believe there is any great advantage 
of one method over the other, I think they tell you pretty much the 
same thing, whether done by chemical means, by zone electrophoresis, 
or by ultracentrifugation. In any case, in young females about a third 
of the cholesterol is in alpha lipoprotein, and two-thirds in beta. Young 
males have a slightly different distribution with about a quarter of the 
cholesterol in the alpha and three-quarters in the beta. In the older age 
groups the alpha lipoprotein tends to decrease while the beta increases. 
Also the difference between men and women disappears. 

In diseases such as atherosclerosis the amount of cholesterol in the 
alpha lipoprotein is uniformly low, The amount in beta is usually in- 
creased although it may not be. In diseases that are related to athero- 
sclerosis, such as nephrosis, familial hypercholesterolemia, the amount of 
cholesterol in alpha lipoprotein is also very low. 

I should like to note that in liver disease there is a marked alteration 
of the lipoprotein pattern. In liver diseases where there is biliary obstruc- 
tion, or, I believe also in the experimental production of hyperlipemia 
by the injection of surface active substances such as “Triton” or 
“Tween,” lipoproteins are produced which have phospholipid-choles- 
terol ratios of 0.5 and consist largely of free cholesterol. They migrate 
by electrophoresis as beta lipoprotein, act in the ultracentrifuge as beta 
lipoproteins. 

MODERATOR DOCK: There is some importance to this in practice, be- 
cause these diseases do not produce atherosclerosis. 

DR. epeR: Yes. 

MODERATOR DOCK: Here you have high beta, according to electro- 
phoretic or Cobn’s fractionation, but can the body distinguish this beta 
from the other? In the diabetic rabbit after Tween 80, or in the animal 
with a tied common duct, no atherosclerosis occurs but endogenous 
cholesterol is high, 

pr. EpER: These abnormal lipoproteins actually are different chemi- 
cally from the usual betas, Although they migrate electrophoretically as 
beta, by the Cohn method they come out in fraction [V+ V+ VI where 
alpha lipoproteins usually appear. 
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MODERATOR DOCK: You do better on tis than Dr. Gofman, or elec- 
trophoresis? 

DR. EDER: We do poorly. 

MODERATOR DOCK: You get a figure, in liver cases, which suggests 
they are not going to cause the trouble which you expect in other cases 
with the high beta fractions. 

DR. WILKINSON: [ will put in a word there. We have been cooperat- 
ing with the group at Bethesda for the past year, Drs. Anderson, Brag- 
gan and Boyle. While this work is still unpublished, it is finished and in 
the process of being published. They find all Sf* classes are not the 
same chemically. A man may have a certain amount of so-called Sf as 
10: 100 or 20:100 lipoprotein. His particular class of Sf molecules may 
be different from another individual who has the same type of lipopro- 
tein in his blood, and in some people they even seem to change from 
time to time. It is well to remember that with the ultracentrifuge 
all they are doing 1s measuring physical constants, measuring how 
this particular molecule acts in the artificial field of gravity. It is 
not a chemical examination and unless you can prove that the content 
of these particles that you have distinguished because of one physical 
characteristic is constant, it is not proper to assign a certain chemical 
composition to all of them. 

MODERATOR DOCK: I think the point that we are struggling to get 
at is this: If a doctor has blood cholesterol determined, this in itself is 
not much help, Cholesterol in a patient with obstructive jaundice may 
be extraordinarily high yet we know from all these studies that this does 
not predispose to atherosclerosis. This is purely endogenous, because 
the experiments with the animal show the endogenous production goes 
up about twenty-fold in animals within a few hours of tying the com- 
mon duct, So you can raise the endogenous production of cholesterol 
to tremendous levels, and it appears in the blood stream in great quanti- 
ties, but it does not precipitate out in the vessels of experimental ani- 
mals and does not precipitate out in the vessels of people with obstruc- 
tive jaundice. This does not help us much in practice unless we know 
how to alter the fractions by therapy. The point we want to get out of 
Dr. Eder is how he is altering these fractions in the hopes that this might 
retard atherosclerosis. 

pR. EDER: We were impressed by the differences between young 


* Svedberg unit = cm./sec./dyne./gm., 
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males and females especially because of the known high incidence of 
coronary artery disease occurring in young males and its comparative 
rarity in young females. Also we were struck by the fact that as aging 
took place the difference between males and females was largely oblit- 
erated and many in the population became distinctly abnormal. Be- 
cause of these differences we undertook the study of the effect of sex 
hormones on the lipoprotein pattern, 

Patients were treated with large doses of estrogens (1 mg. of Estiny] 
or 15 mgs. of Premarin daily). In every instance alpha lipoprotein 
cholesterol increased, Beta lipoprotein cholesterol decreased in most pa- 
tients. This change was greatest when the concentration of beta lipo- 
protein was increased. Under these circumstances the plasma cholesterol 
fell markedly. These changes were apparent by the first week and 
nearly maximal by the second or third. On stopping therapy the pattern 
returned to its original form rapidly. 

In addition to changes in cholesterol distribution, estrogen adminis- 
tration resulted in alterations in cholesterol-phospholipid ratios in the 
beta lipoproteins. The ratios dropped markedly and this was apparent 
in the ratios for whole plasma. 

The side effects of the estrogen therapy were distressing to many of 
the patients. Breast tenderness and impotence were often distressing. The 
psychic side effects, with feelings of lassitude and inadequacy were 
common. In an effort to eliminate these effects, combinations of estrogen 
and androgen therapy were attempted, The administration of androgen 
resulted in a prompt loss of the estrogen effect. We were unable to find 
a combination which would produce the estrogen effect on the lipids 
without the distressing side effects, 

We have no data that would permit drawing conclusions as to the 
clinical efficacy of estrogen administration. It was impossible to deter- 
mine changes in the frequency of anginal attacks in these few patients. 
We have no data as to the effects on survival. We do have one patient 
with idiopathic hyperleukemia and xanthomatosis who responded in a 
dramatic fashion. He was a mechanic with lesions on his hands which 
were so painful as to prevent his working. After one month of estrogen 
treatment his lesions disappeared completely. Six months after the cessa- 
tion of estrogen treatment his lesions returned. 

DR. KENDALL: What does he require in the way of dose? 

pR. EDER: The same as the others. 
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MODERATOR DOCK: Large doses with a large physiological effect? 
You are not using this except in occasional cases for short periods of 
time? 

DR. EDER: We have only used this as a research tool. 

MODERATOR DOCK: You don’t feel it is applicable for the management 
of the disease? 

pr. EDER: I do not. 

MODERATOR DOCK: Dr. Adlersberg, you were one of the first to feed 
something to patients with familial hy percholesterolemtia, hoping to con- 
trol their disorder. What is your view now about modifying the disease 
by adding something to the diet? 

DR, ADLERSBERG: Various possibilities have been studied in this respect 
and the experience collected to date has not been too convincing. We 
started by giving “commercial lecithin” to some patients with hyper- 
cholesterolemia and we noted a lowering of serum cholesterol level in 
a few of them. I believe at this time that this was probably caused by 
the high concentration of plant sterols of this product which interfered 
with the absorption of cholesterol. The results were not consistent. 
Recently, various cholesterol analogues, such as sitosterol and dihydro- 
cholesterol, have been used in experimental animals and in man to impair 
the absorption of dietary cholesterol. In the cholesterol fed rabbit—I 
have no personal experience with that—one can apparently prevent the 
hypercholesterolemia, which results from cholesterol feeding. If one 
uses any of these substances in man, the results again are not consistent; 
one may be dealing in man with different factors of intestinal absorp- 
tion than in the herbivorous rabbit. On the other hand, one may have 
doubts whether diminished cholesterol intake will significantly affect 
the serum cholesterol level. The latter is the result of at least two factors, 
—of the intake of cholesterol, exogenous cholesterol, and the synthesis 
of cholesterol in the body, endogenous cholesterol. There is good evi- 
dence in the animal that diminished intake enhances cholesterol synthesis 
and vice versa. One could then reason that diminished intake in man 
could result in a secondary increase of cholesterol synthesis and thus 
counteract any effect that diminished intake may exert, The level of 
dietary fat is perhaps more important than the level of dietary choles- 
terol. 

I would like to mention on this occasion that we have been study- 
ing, in collaboration with Drs. Hellman, Rosenfeld and Gallagher, of 
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the Sloan-Kettering Institute, certain aspects of cholesterol metabolism 
by using labeled cholesterol as well as labeled acetate. The purpose of 
the study was to compare the behavior of cholesterol derived as such 
from the diet with cholesterol synthesized endogenously from acetate. 
Acetate and cholesterol were available labeled with either radioactive 
carbon or radioactive hydrogen (H3 or tritium). The studies of en- 
dogenous and exogenous cholesterol metabolism could be carried out 
separately or simultaneously in the same patient, using acetate labeled 
with one isotope and cholesterol labeled with the other. 

Of the patients studied, three had normal plasma cholesterol levels 
and four had hypercholesterolemia (serum levels over 300 mg per cent); 
of the latter group two had xanthoma tendinosum, one xanthoma tuber- 
osum and one nephrosis. The free and ester cholesterols of plasma and 
red cells were isolated separately in all the subjects. Analyses of urine 
and feces were included. 

The specific activity of free cholesterol biosynthesized from acetate 
is at a maximum with the earliest serum sample and this activity declines 
rather rapidly. The tritium content of the ester cholesterol derived from 
acetate is at a minimum value with the first sample and then gradually 
rises until it intersects the free curve at approximately three days, after 
which the specific activity of the ester cholesterol exceeds that of the 
free. The behavior of cholesterol synthesized from acetate is the same 
whether the acetate is labeled with either tritium or C14, and these data 
demonstrate that these two isotopes may be used interchangeably for 
4 the study of the conversion of acetate to cholesterol. 

The plasma free cholesterol radioactivity originating in the diet 
(exogenous incorporation ) is at a minimum value with the three hour 
sample. The specific activity then rises to a peak at about 1.5 to two 
days and afterwards slowly declines, The radioactivity of the “exogen- 
ous” plasma ester cholesterol is also at a minimum with the first sample, 
rises less rapidly than that of the free sterol, and reaches a peak value at 
about 2.5 days having intersected the free curve at about one day. After 
this crossover point, the ester specific activity is greater than that of the 
free for the duration of the period of experimental observation. 

In patients who had idiopathic hypercholesterolemia (xanthoma 
tendinosum) the mode of rise of free and ester cholesterol, the points 
of intersection, the subsequent rate of decline, and the relative specific 
activities are virtually indistinguishable from those of normocholester- 
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olemic persons. 

The findings in a patient with idiopathic hyperlipemia and xanthoma 
tuberosum and in another patient with nephrosis, whose sera showed 
marked lactescence, differ in two respects from those obtained in sub- 
jects with normal cholesterol levels and from idiopathic hypercholester- 
olemia in the xanthoma tendinosum type. The free cholesterol synthe- 
sized from acetate, although at a peak value with the initial sample, 
declines more slowly during the first few days of observation, so that 
the rising specific curve of ester cholesterol derived from acetate does 
not intersect the free curve until about the sixth day. This is in contrast 
to the behavior of all prior patients studied with acetate, in that the 
point of intersection previously occurred at two to three days. The sec- 
ond difference is to be noted in the early portion of the specific activity 
curves representing the plasma cholesterol arising from dietary sterol. 
The ester cholesterol specific activities are initially at a higher level, 
rise more rapidly, and exceed those of the free throughout the experi- 
ment. Since the free specific activities are always below the ester values, 
the two curves do not intersect. 

These observations suggest biochemical differences between idio- 
pathic hyperlipemia (lactescent serum) and idiopathic hypercholester- 
olemia (clear serum). Aside from these differences in the early portion 
of the two sets of curves, the latter parts of the curves show a parallel 
rate of decline of cholesterol radioactivity whether of endogenous or 
exogenous origin. In addition, this latter rate of decline is similar to 
that observed in other patients with hypercholesterolemia as well as 
in the subjects with normal plasma cholesterol levels. 

The recovery of administered radioactivity in feces by the fourth 
day varied from 13 to 50 per cent. A much smaller proportion of the 
administered material was excreted in the urine during the same time 
interval; this varied from 0.35 to 1.75 per cent. 

Samples of expired air were collected at frequent intervals from the 
patients who received C14 cholesterol. Carbon dioxide isolated from the 
breath, failed to show radioactivity. Far less than 1 per cent of the 
administered dose could have been detected in the expired air by this 
method. 

The curves for plasma free and ester cholesterol derived from the 
diet decline at similar rates after reaching their maxima and are compar- 
able to the behavior of plasma cholesterol synthesized in the body from 
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acetate, The ester specific activity remains higher than that of the 
free because the free cholesterol is continually being diluted by non- 
labeled cholesterol from the diet or by endogenous synthesis.* 

These data suggest that dietary cholesterol and cholesterol syn- 
thesized in the body mix indistinguishably after the iitial processes 
of absorption and distribution have been completed. If the body distin- 
guishes between endogenous and exogenously derived cholesterol, this 
could seemingly only occur during the immediate period after absorp- 
tion or synthesis, The radioactivity values of tritium and carbon-14 
obtained in the same sample of cholesterol decline at the same rate. 

During the early phases of absorption and/or synthesis biochemical 
differences in lipid metabolism in various pathological conditions associ- 
ated with hypercholesterolenna are suggestive. 

MODERATOR DOCK: Our time is almost up and we must try to 
answer yes or no to some questions submitted by the audience, 

The first question | would like to ask each member of the panel 
in turn would be this: 

Is there any point in modifying your diet in order to modify the 
course of arteriosclerosis? Dr. Kendall, would you be able to say any- 
thing at all if someone asked you this question? Just a yes or no, there 
either is or isn’t a point in modifying the diet. 

DR. KENDALL: I would say yes. 

MODERATOR DOCK: You think the diet might have some influence. 
Dr. Adlersberg, what do you think? 

DR. ADLERSBERG: | would say yes. I would like to add, however: 
Don’t eat too much, keep your weight at the normal or at the ideal- 
weight-level; if you happen to be stout, weight reduction to a normal 
weight level is justified and desirable. 

MODERATOR pocK: Dr, Eder, what do you tell your patients? 

DR. EDER: I say do as I say, not do as I do. 

MODERATOR DOCK: That is reasonable. The primrose path you follow 
is not for the patients. You tell them to modify their diets? 

pk. EDER: To lose weight, yes. 

MODERATOR DOCK: To lose weight, not to be concerned about 
anything but total caloric intake, keep the balance of food where it was? 

DR. EDER: Yes, 

MODERATOR DOCK: Dr. Wilkinson, what advice do you give? 


* The data discussed above will be published in the Journal of Clinical Investigation, January 1955. 
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DR. WILKINSON: I advise thac they lose weight and preferably be 
under the ideal weight at thirty. We do not take our age tables past 
thirty. We do not alter the amount of fat or cholesterol that they eat. 

MODERATOR DocK: So I think you are all now fairly clear what 
the panel thinks about diet. They want to make the problem harder 
for the farmer and the surpluses to be bought with federal funds even 
larger. Just less of everything and no specific dietary management. 

Dr. Kendall, have you had any experience with blocking agents, 
as far as man is concerned, sitosterol or dibydrocholesterol? 

DR. KENDALL: None. 

MODERATOR DOCK: Dr. Adlersberg, have you had a chance to try 
this on a patient? 

DR. ADLERSBERG: I have had very limited experience with that and 
it was not satisfactory. 

DR. EDER: No, 

MODERATOR DOCK: Dr. Wilkinson, you have been working on this. 
Is there any hope in this field? 

DR. WILKINSON: We have done considerable metabolic work with 
sitosterol, which was the first of the vegetable sterols to be reported 
and we found that in man it had no demonstrable effect. Some of 
our cases now go up to thirty-six weeks. 

MODERATOR DOCK: So there has been no change and you have been 
having Gofman fractions and other things run on these patients? 

DR. WILKINSON: We did lipo fractionation, We have had patients in 
the metabolism wards of the hospital for periods up to forty days 
who went through three periods. During the first period they were 
put on a diet containing less than one-quarter of a gram of fat per 
day. Then we added fat to that diet and then we added the sitosterol 
in the third period, We won’t have time to go into the many things 
that we did find out on the diet but I think it is safe to say, Dr, Dock, 
sitosterol is a failure in our hands. 

MODERATOR DOCK: In man. What happens in the chick and rabbit 
is not important. 

DR. WILKINSON: Very few of our patients have long ears! 

MODERATOR DOCK; That is the trouble, and they don’t come out 
of eggs, so here is another hopeful lead, developed by experimental 
methods, which so far shows no human application, | think everybody 
on the panel is probably agreed that there is no use feeding inositol, 
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choline, methionine, lecithin or any of these so-called lipotropic agents. 
ls there amy dissent from that? 

DR. WILKINSON: I would like to add thyroid unless the patient is 
hypothyroid. 

MODERATOR DOCK: That is, endocrine therapy is only for the endo- 
crine patient—which the patient would need if he did not have anything 
wrong with his cholesterol. The blocking agents so far show no promise 
in man, As to therapy with female hormone, the inconveniences out- 
weigh anything except the most difficult situations, such as that of 
the man whose hands were crippled by his disease. So that the only 
rational hormone therapy is that which you would give the patient 
if he did not have any trouble with his vascula: system. I think that is 
the sense of the panel. Now the problem comes up, has anyone had 
any experience with heparin that would lead him to believe this would 
have any use in atherosclerosis? 

DR, WILKINSON: I have had no experience, Last year I worked with 
Dr. Boyle who was using heparin in some of the joint conditions. It 
is a difficult drug to use. It does have some effect on certain of the 
lipoprotein fractions but unfortunately, the patient on whom he was 
getting the best effect had another coronary attack and died while 
he was getting the heparin. 

MODERATOR DOCK: Dr, Eder! 

pr. eEpER: We have made no clinical observations with heparin. 
We studied the plasma lipids following heparin administration. 

MODERATOR DOCK: Which are not striking? 

DR. EDER: They are very striking. 

MODERATOR DocK: In the beta and alpha fractions too? 

pr. EpER: The neutral fat in beta lipoproteins decreases and the 
cholesterol and phospholipid decrease to a lesser extent. 

MODERATOR DOCK: So there may be some effect. Whether this affects 
atheroma formation you don’t know? 

pk. EpDER: We don’t know. 

MODERATOR DOCK: In animals, Dr. Kendall, is there any evidence 
that heparin will retard atherosclerosis? 

DR. KENDALL: We have never carried out an experiment long enough. 
All of our observations have been on the short time effect of heparin. 

MODERATOR DOCK: And you don’t know of any other observations 
that would indicate that this might be helpful therapy? 
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DR. KENDALL: No. 

MODERATOR DOCK: So it appears that our panel consists largely of 
therapy nibilists. They have no treatment for the management of ather- 
osclerosis, in blocking agents, hormonal therapy or in lipotropic agents. 
They feel that nothing has been shown in man about the role of 
cholesterol in the diet so that you don’t need to lower the cholesterol 
fraction of your intake. All the members of the panel agree to this? 

DR. WILKINSON: Yes, 

MODERATOR DOCK: Dr, Kendall, you do too? 

DR. KENDALL: That is all. 

MODERATOR DOCK: I am afraid therefore only the moderator persists 
in sin and thinks the low incidence of atherosclerosis he sees when he 
goes visiting in other countries as compared with that in Brooklyn is 
related perhaps to the difference in cholesterol intake. It is very difficult 
for the moderator to get out of his thick head the idea that something 
which is harmful to a number of different animals is entirely harmless 
to man. Low protein diets with high cholesterol content produce very 
high blood cholesterol in dogs, as Freeman and Li showed long ago. 
Those dogs had their thyroids functioning. My own feeling is that a 
high protein, low cholesterol, low fat diet is as reasonable as any that 
could be recommended. I suppose none of you want to cut the protein 
content of the diet down if you are reducing weight. Again you want 
to keep the protein levels fairly high. 

DR. WILKINSON: I would rather wait a year to talk to you about 
that. We have some experiments in progress, We cannot draw any 
conclusions at this point. 

MODERATOR DOCK: You don’t know whether high protein is good, 
bad or indifferent? 

DR. WILKINSON: We suspect that a very high protein is not good. 

MODERATOR DOCK: What would that be, 150 grams? 

DR. WILKINSON: Probably not good over 125 grams, and we want 
to try at various levels of protein and find out where we seem to get 
the best results. 

MODERATOR DOCK: In terms of blood cholesterol levels? 

DR. WILKINSON: No, in terms of blood cholestero| levels and ultra- 
centrifugal amounts. 

MODERATOR DOCK: Reasonable protein but not a very high protein 
diet you think is more sensible? 
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DR, ADLERSBERG: I just wonder whether we should finish on this 
note that the cholesterol content of the diet, and/or the fat content, 
or the calories as such, are or are not “the factor” in human athero- 
genesis. I do not believe that our present knowledge permits a definite 
opinion. It is one thing to conduct metabolic studies in man or animals 
over a period of 30 or 60 or 120 days and it is another thing to eat 
large quantities or small quantities of cholesterol and/or fat over a 
lifetime or through generations, Although a low incidence of athero- 
sclerosis has been observed in the Far East and in Bantus in South 
Africa, | feel that that might be caused by the very low calorie intake 
as well. The shorter life span of these people naturally interferes with 
the development of atherosclerosis. I don’t believe we have enough 
information so far to decide this question definitely. Extensive statis- 
tical studies are needed. 

MODERATOR pocK: There we are at the moment. I think some of 
you saw during the last year, in the J.A.M.A., a striking difference 
in the vascular state of the North Koreans who were autopsied after 
being killed in action and the members of the United Nations forces 
who were autopsied after being killed in action. The most striking 
of all I think is the difference in the incidence of atherosclerosis in 
young members of the American Army and Navy in the last fifteen 
years and the experience in the British Army and Navy. While we 
were accumulating hundreds of cases of young men dead of coronary 
disease, the British Army and Navy had a low incidence. They finally 
dug up thirty-nine fatal cases in men under thirty-five, from their 
pension office figures covering many years. So there is some difference 
in the incidence of atherosclerosis in people eating different diets but 
just how the diet affects the situation we don’t know. At the moment 
the only thing we can be sure about is that if you put the patient on 
a low calorie diet, it will be very difficult to put him on a high fat 
and high cholesterol diet. You come out with a sort of common de- 
nominator, a diet which is low in calories, reasonably good in protein 
and water soluble vitamins and almost certainly this will be relatively 
low in fat and cholesterol. It does not need to be made unpleasant to 
get the fat and cholesterol too low. 

DR, WILKINSON: I don’t know how you can say a fattening diet is 
fat faulty. Dr. Ansel Keyes once said a little bit of grease goes a long 
way on the outside of food. People who become obese usually eat 
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large quantities of bland carbohydrate and flavor only with fats. On 
taking a number of dietary histories both with Dr. Newburgh at Ann 
Arbor and later here, I found that many obese persons are not large 
fat eaters for the most part. Most of their calories come from bland 
carbohydrate. Take a big Idaho potato and put a piece of butter on it, 
but figure out the relative calories between the two. 

MODERATOR DOCK: Obesity we still don’t know the answer to, An 
enormous number of animals are fattened for the market and yet none 
ever get atherosclerosis. 1 believe that is right, Dr. Kendall? 

DR. KENDALL: I understand that they are beginning to find that 
atherosclerosis is a common disease in hogs fattened for the market. 

MODERATOR DOCK: On what sort of diets, corn? They did not get 
cholesterol. 

DR. WILKINSON: Carbohydrate. 

MODERATOR DOCK: Then we must close with the thought that 
obesity, even that due to carbohydrate feeding, may predispose mam- 
mals to atherosclerosis. In spite of the evidence that obesity plays no 
part in causing coronary disease in men under forty-five years old, the 
Panel emphasizes avoidance of obesity as the only effective prophylaxis. 
The moderator would prefer a liberal protein, low cholesterol diet, and 
we all await further light on this subject. 
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OUR HERITAGE FROM WILLIAM OSLER* 


E. Dorst 


Dean, College of Medicine, University of Cincinnati 


Sn THE first day of January 1920 in the ancient chapel of 
4) Christ Church Cathedral, Oxford University, a distin- 
O i guished assembly of Britain’s great gathered for the 
i funeral services of Sir William Osler. Not only the great 
2% were there. The students and the simple people who 
compose the more humble echelons in every great University town also 
crowded the aisles for their friend, the beloved physician, was dead. 

The quiet which brooded over the lovely spires of Oxford spread 
widely. It crossed the Atlantic and was acutely sensed over our great 
continent shrouding the United States and Canada, A medical student, 
returning from his Christmas holiday on the second of January, was 
suddenly aware that something of consequence had occurred. That was 
before the day of radio but even so my family physician in the small 
Ohio city in which I then lived had called to tell me in a grief-stricken 
voice that William Osler was dead. Osler had been his teacher at Johns 
Hopkins, I returned to school to find my own Professor of Medicine 
quite broken, for Roger Morris had been Osler’s resident and later had 
served under him in the Hopkins Department of Medicine. 

So, as it happened, I never saw him, never heard him speak, but 
William Osler’s character and personality have exerted a direct influence 
down through the years of my life which has been equalled only by a 
very few persons with whom I have had the fortune of intimate contact. 
His textbook of medicine through which he said he came in contact 
“mind to mind with the profession” was the student’s bible in my day 
and his published essays and lectures I have read and re-read whilst 
Harvey Cushing’s magnificent biography has been constantly at hand 
since it was published in 1925. 

But, as was inevitable, there has come a generation “which knew not 
Joseph.” Medical students of today and most physicians under thirty 
years of age have little knowledge of Osler’s tremendous contribution 


° Presented by invitation before the Section on Historical and Cultural Medicine at The New York 
Academy of Medicine, May 12, 1954. Manuscript received July 1954. 
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to medical education in the United States and they are quite unaware 
of the truly great debt of gratitude which they owe to him. Aequanimitas 
they all have had through the wise generosity of one of our great phar- 
maceutical houses, and William Bean’s little labor of love, Osler’s 
“Aphorisms” has been available since 1950, to say nothing of Cushing’s 
two volumes; but they are so seldom read. We are all too busy with 
“important things.” 

I will speak about Osler tonight, not as a medical historian for I 
would be poorly cast in such a role, but rather as a physician who would 
acknowledge his own debt, and, if my discourse runs largely into the 
field of medical education, it is because I hold today, however un- 
worthily, the office Osler once graced, the Presidency of the Associa- 
tion of American Medical Colleges. The business of that Association 
is medical education and not one of its long list of Presidents has 
measured up to the accomplishments of William Osler in this field. 

I am asking you to pause and journey back with me some sixty 
years. The year will be 1892, the place, the University of Minnesota, 
and the occasion marked the dedication of the new medical buildings 
at that University. The speaker was Dr, William Osler. 

What he said might well have disturbed many persons in his audi- 
ence, because on that day, devoted to the opening of a new medical 
school, Osler elected to speak quite deliberately of the fourth-rate 
position occupied by the American medical schools when compared 
with the advanced university schools of Germany, Britain and France. 
He declared that “in this eminently practical country the teacher of 
medical science has not yet received full recognition, owing in part 
to the great expense connected with his work, and in part to carelessness 
or ignorance in the public as to the real strength of a nation.” As a 
result schools of medicine had not developed as faculties of universities 
except in rare instances but instead they were still proprietary schools 
of a type to be countenanced only in a frontier economy. He said quite 
frankly: “To equip and to maintain separate laboratories in the sciences 
of Anatomy, Physiology, Biological Chemistry, Bacteriology, Pathology 
and Pharmacology and to employ skilled teachers, who shall spend all 
their time in instruction and research, requires a capital not today at 
the command of any medical school in the land. There are fortunate 
schools with two or three departments well organized, not one with all.” 
And of the one hundred and fifty-odd medical schools in the nation 
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on that day the fortunate ones with two or three departments well 
organized could have been counted on the ten fingers and with fingers 
to spare, That was in 1892, within the lifetime of many persons in this 
hall today, 

Dr. William Osler was then forty-three years old, He had recently 
been appointed Professor of Medicine at the new Johns Hopkins 
Medical School which was destined to exercise so dominant an influence 
upon the future of American medical education. I am not guilty of 
exaggeration when I refer to our “heritage from William Osler” because, 
even in that group of brilliant teachers who appeared on the American 
scene as his contemporaries, he stands out pre-eminent, the apostle of 
modern medical education. No man of his time was more earnestly 
concerned with the problems of the medical schools, no man was more 
articulate in expressing their needs, and no one struggled so constantly 
to remedy their defects. 


The crusade which was already well under way when Osler spoke 
at Minneapolis may be followed in his published addresses, His analysis 
of medical education became more precise in the decade leading to the 
turn of the century and repeatedly he emphasized three great defects. 
The first was the need for the development of true university schools, 
the second for the intimate integration of medical school and hospital 
so that the wards should become the true laboratory of the clinical 
departments, and the third need was for the active prosecution of 
research in every department in each medical school. All of these things 
had been accomplished abroad—in the United States they were sadly 
lacking. 

To understand these three needs we must try to look at them as 
Osler saw them because their fulfillment was to be the legacy of William 
Osler to medical education, and we must comprehend the inheritance 
in order to evaluate the manner in which we have invested our heritage. 

In the nineties, as I have said, there were but few university medical 
schools, The great majority were independent proprietary institutions, 
only a few with nominal university affiliations. It was quite clear to 
Osler that the schools which were most vital and progressive were those 
with close university ties, and his constant plea was for a tightening 
of the bonds between medical school and university throughout the 
country. He was not unmindful of the important contribution made 
by the proprietary schools during the first half of the 19th century but 
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he argued quite correctly that these schools, so numerous and so very 
inadequate, the product of a crude frontier society long gone, must 
merge and then find sanctuary in the shadow of a university or they 
must close their doors. 

Medicine, at the end of the century, had indeed entered a new era. 
The epoch making discoveries in bacteriology, physiology and pathol- 
ogy; the birth of immunology, hematology and biochemistry were to 
change the entire complexion of medical thought. New techniques of 
diagnosis and treatment, the results of those discoveries made largely 
in the research laboratories of Germany, France and England, were to 
find practical application in the hospital and at the bedside, The only 
sound way to introduce them was through the schools of medicine, and 
that would involve nothing less than a complete reconstruction of 
American medical education: a vast program of physical expansion to 
provide laboratories and other facilities, and the training of a small army 
of teachers and investigators to provide pre-clinical faculty to teach the 
medical sciences. And while this was being accomplished it would be 
necessary to change drastically the educational requirements prerequisite 
to the study of medicine, for the proprietary schools in most instances 
accepted students directly from high school. These schools had served 
their purpose and their day was passing; it was passing because the 
demands to be made upon them were overwhelming. To replace them 
Osler led an ever-growing band of physicians devoted to the conviction 
that “thoroughly equipped laboratories in charge of men thoroughly 
equipped as teachers and investigators was the most pressing want. . . 
in the medical schools of this country.” 

This was the first great need, that the schools be remade so that they 
might teach medicine as it was being taught abroad and faculties, literally, 
must be created where they did not exist, to carry forward teaching 
of medical science, 

As a corollary to this first need, that the schools should be expanded 
as an integral part of the universities, comes Osler’s second plea: that 
the hospitals in which the teaching of clinical medicine was to be done 
should be intimately associated with the schools and that medical students 
should be taught in small groups on the hospital wards and in the dis- 
pensaries. He expounded the great value of the clinical clerkship which 
does not merely admit the student to the amphitheatre and lecture bench 
on sufferance, but instead brings him into the hospital as an important 
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member of the physician-student team. This team was to be organized 
upon the basic assumption that all members from medical student on 
through house staff, attending staff and service chief were students 
together, differing only in degree of experience and wisdom. Necessarily 
the opportunity for graduate training in the hospitals should be greatly 
expanded through the development of intern and residency programs. 

Less than fifty years ago they were far ahead of us abroad in this 
correlation of medical school and teaching hospital. We were still lectur- 
ing and demonstrating to large numbers of students in crowded lecture 
rooms and Osler was pleading for small groups, each with a competent 
instructor, studying the actual, daily progress of disease on the hospital 
wards and in the out-patient dispensaries. What he wanted seems obvious 
enough, and reasonable too, for it is the essence of sound clinical instruc- 
tion, but a profound change in point of view involving medical teachers, 
visiting physicians, hospital authorities and university authorities was 
necessary to make it possible. It was the last of Osler’s three “needs” 
to be adequately satisfied. 

The significance of his efforts in this direction is attested to in the 
dedication of Harvey Cushing’s monumental life of William Osler 
where we read: 

“To Mepicat Srupents 


“In the hope that something of Osler’s spirit may be conveyed 
to those of a generation that has not known him; and particularly 
to those in America, lest it be forgotten who it was that made it 
possible for them to work at the bedside in the wards.” 


When he left Johns Hopkins Medical School, Osler was not con- 
vinced that he had accomplished more than a local reform which changed 
the nature of clinical teaching in a scattered half dozen medical schools, 
and he had devoted more than fifteen years to his crusade in behalf of 
medical education. However, from those schools, acting as secondary 
foci, the influence spread so that Cushing’s dedication, written in 1925, 
was entirely appropriate. 

When the university medical school and the teaching hospital should 
be consolidated into an effective educational unit the stage would be 
set for the realization of a third development which would vitalize and 
nourish American medicine. Osler insisted that the new schools of 
medicine must appreciate the dual function of a university, namely, to 
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teach and to think. The idea was quite simply expressed in his own 
words: “What I mean by the thinking function of a university is that 
duty which the professional corps owes to enlarge the boundaries of 
human knowledge. Work of this sort makes a university great, and alone 
enables it to exercise a wide influence upon the minds of men.” Research 
must become a responsibility of equal rank in its importance with teach- 
ing, and then the third great “need” which Osler expounded would 
be satisfied. 

He realized the error in the point of view then widely expressed by 
the men of “common sense,” which maintained that a few select schools 
should be equipped and staffed for the pursuit of investigative work 
while the great majority would continue to train practical doctors much 
as they had been doing. Only a faculty which contained a leaven of 
men seriously interested in widening the field of knowledge could be 
progressive, and to remain static in this new era of medical education 
was to deteriorate. Repeatedly he called attention to the obvious signifi- 
cance of what had happened in France, Germany and Britain and he 
insisted that the recent developments in medical research abroad were 
vast enough to challenge every faculty of medicine in this land. 

I hope you will forgive me for taking so much time to recall what 
many of you have long known, but we must neither permit time to 
dull the great importance of William Osler’s analysis of medical educa- 
tion, nor forget his untiring efforts to bring the urgent need for adequate 
corrective measures before both the physicians and the intelligent laymen 
of the nation. A few years later A, N. Whitehead was to make his strik- 
ing plea for the necessity of “the habitual vision of greatness,” for, he 
said, “if we are not great it does not matter what we say or what 
we do.” I submit that Osler did indeed hold the habitual vision of great- 
ness in medical education before the profession in the United States; he 
did not permit them to ignore or to forget it. This was his legacy to us. 

In 1905 he left Johns Hopkins University to become Regius 
Professor of Medicine at Oxford, and soon thereafter became Sir Wil- 
liam and the second living Canadian Baronet. He knew he was leaving 
a positive movement and an active ferment in certain American schools 
of medicine. He could not know how amazingly that movement would 
accelerate, The time was ripe, of course, or Osler’s would have been 
a vain voice among that tragic host of wise men who lived before their 
time. The Johns Hopkins conception of medical education succeeded 
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beyond the most ambitious expectations of its proponents; the ideas it 
developed and the men it trained spread through the medical schools in 
spite of the bitter resistance of entrenched reactionaries. The stern 
admonition of President Eliot of Harvard leveled at the faculty of 
medicine in that university a decade earlier, that they promptly bury 
the dead past and put about the business of setting their house in order, 
had echoed through the country. The time was indeed ready and every- 
where sincere and competent men were carrying forward the crusade 
which Osler had preached for almost twenty years. 

Ask a well-informed physician what brought about the great renais- 
sance in medicine in this country and today the chances are about ten 
to one that he will reply, “The Flexner study and the Report of 1910.” 
Time as it passes folds cause and effect into each other so that true rela- 
tionships are often lost. Nothing should be said to detract from the 
importance of the Flexner study, but it must be remembered that the 
famous report was both an ending and a beginning. It marked the end 
of a period of intense preparation which made the nation ready for 
the findings of Dr, Flexner, and permitted development of an effective 
program in medical education which implemented the report. It marked 
the beginning of an era of such rapid progress that within three decades 
the medical schools of America had not only drawn abreast of the 
schools abroad, which Osler had held as the almost impossible goal, but 
had indeed surpassed them, providing the most effective training for 
all the young physicians of a nation that the world has seen. 

This all-important period of preparation to which Osler contributed 
heavily saw an entire profession so dedicated to self-improvement that 
the Council on Medical Education and Hospitals, created a year before 
he left Johns Hopkins, could go to the Carnegie Foundation for the 
Advancement of Teaching, with the full approval of the House of 
Delegates of the American Medical Association, and propose an objec- 
tive study and report which, as was well known in advance, would 
close sixty per cent of the nation’s medical schools should it prove 
successful. In order to keep the record clear one must emphasize the 
fact, frequently ignored, that the implementation of the ideas implicit 
in Osler’s crusade was, and had to be, carried forward by the organized 
medical profession. The Flexner study was conceived and proposed by 
the A.M.A. and its membership stood ready to support the findings even 
though they destroyed almost two-thirds ‘of the institutions which had 
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produced them—a truly unique accomplishment which tested the effec- 
tiveness of that period of preparation. 

There is not time this evening to tell the story of that amazing rebirth 
of medical education and subsequently of medical practice which marked 
the first quarter of this century, Indeed there is no need to do so since 
we are all familiar with the story and many of us have been permitted 
in a small way to contribute to its writing. Though the full flood of 
this progressive movement has been reached there has been no ebbing 


of the tide; the schools of medicine have not become smug and 
complacent, 

Since it was Osler who constantly measured our deficiencies by 
contrasting the American schools with those abroad, perhaps we, in 
turn, might measure the American achievement by reversing the pro- 
cess, and look at our schools through the eyes of a modern and competent 
foreign observer. Robert Debré, the distinguished professor of Pediatrics 
of the Faculty of Medicine, University of Paris, has made several 
extended trips to the United States since the end of the war for the 
purpose of studying medical education in our country. Recently he 
published an account of his impressions in an important magazine, the 
“Revue de Paris,” thus choosing to speak widely to the people of France 
through a lay journal, rather than limit his message to the medical 
profession. | wish to quote from the French publication. 

“Each of these great Universities of America has a School of Medi- 
cine. They are richly financed . . . they are designed to instruct relatively 
small classes of students (as judged by European standards) winnowed 
from numerous candidates, whose intellectual and moral qualifications 
are taken into careful consideration in the delicate matter of their selec- 
tion. Each stage of promotion in their select schools involves sound 
basic education . . . Young men reared in these colleges understand the 
technique of therapy which they themselves have practiced, they know 
how to discuss problems of biological chemistry such as come up in 
clinical practice, they base their ideas on sound physiological foundation, 
Our students cannot do the same in spite of the efforts of excellent pro- 
fessors. But, to tell the truth, they cannot be compared. In this domain 
as in others the differences are too great, the organization and the re- 
sources too dissimilar. There is no resemblance between these peerless 
American Schools of Medicine and ours.” 

And only fifty years earlier Osler was speaking in almost identical 
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words, only the implication was reversed. Professor Debré goes on to 
say: “It is not only the importance of the laboratories and their good 
equipment, their adequate resources, that must be emphasized. The spirit 
which animates this university corps and the type of life which is 
organized in these schools cannot be considered with too much atten- 
tion. ... The free intercourse, less formal and less hierarchic than in the 
Old World, of these men passionately interested in their task really 
gives the impression of a balanced team. The whole group spends its 
day in the hospital and laboratories, The hospital, associated with these 
medical schools, is an integral part of the organization. . . . The School 
of Medicine is one mingled with the hospital and there is none of the 
fragmentation from which we suffer in France. The fusion, material 
and spiritual, of the teaching staff with the research staff and the hospital 
staff is total. When shall we arrive at this solution, the only logical and 
satisfying one!” 

I hope you have noted how strikingly though quite unconsciously 
Professor Debré highlighted the fulfillment of Osler’s three great needs 
in these passages I have quoted from his critique of our medical educa- 
tion. His evaluation is not unlike many others which have come from 
abroad in recent years and I believe one might conclude that, judged 
by the evidence of foreign medical educators, we have indeed given a 
good accounting of our trusteeship, have promoted our heritage so well 
that it has yielded a golden harvest, Surely Osler would have no criticism 
but instead only astonished praise for the way in which we have carried 
forward his endeavors to accomplishments which he could not have 
anticipated in his most optimistic moments. 

But, of a sudden, doubts creep in and now I am not so certain. The 
material, the physical and the intellectual achievements; the organiza- 
tional integration of hospital, university and research laboratories, all 
would meet with Osler’s most enthusiastic approval were he to pass judg- 
ment on our efforts today; but then, I fear he would somewhat sadly 
suggest that in the face of this truly great achievement we seem to be in 
danger of neglecting one of our first obligations, namely, to do our 
utmost to bring to each student some awareness of the essential spiritual 
nature of our profession. 

To William Osler the practice of medicine was not only an interest- 
ing way of earning a living; it was something far more comprehensive— 
a way of life. This, in truth, is what the great professions have always 
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been—as long as they remained great. It is the common denominator 
which is to be found in everything Osler wrote and worked for, and 
nowhere is it more clearly expressed than in the last four addresses which 
he delivered before leaving the United States. Together they constitute 
his valedictory to the profession in this country. Even the titles are 
significant—““The Fixed Period,” “The Student Life,” “Unity, Peace, 
and Concord,” and finally, only a few days before sailing, the exquisite 
little “L’Envoi.” 

For him the ultimate goal of all education was not technical compe- 
tence, not accumulated knowledge, but the development of wisdom. 
What is wisdom in the physician? To the best of my knowledge Osler 
never spelled it out but I believe his meaning is clearly apparent; wisdom 
is knowledge which through experience is transmuted into understand- 
ing—and that is what we are in danger of losing in the excellent medical 
education of our day. 

Paradoxically our very success in eliminating the three great defects 
which Osler deplored was a factor which contributed to the faults 
we now recognize and hope to correct. The brilliant interval which we 
might identify as the post-Flexner period of medical education saw the 
rapid shift of emphasis from the art to the science of medicine. Precise 
methods of diagnosis, new understanding of the nature and cause of 
disease growing out of an expanding scientific knowledge, and the 
development of specific therapeutic agents, not dreamed of even twenty- 
five years ago, have all exerted a profound influence upon the pattern 
of medical practice. 

Increasing specialization which is ever the close companion of 
advancing technology has made it apparent that four years of under- 
graduate study even with a year of internship added did not allow 
adequate time for the mastery of any branch of clinical medicine. So 
the residencies appeared, grew and spread, The residency system is 
undoubtedly our outstanding achievement in clinical medical education. 
The idea came from abroad, like so many others, but we have developed 
it into a unique institution. However, the residency has accelerated the 
over-production of specialists and increasingly institutionalized our 
physicians. 

The truth is that an objective evaluation of our progress will reveal 
the faults of our very virtues—and we know it. Any thoughtful person 
can list a disquieting number of defects, such as the increasing length 
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of time required to prepare a physician for practice; the too-apparent 
over-emphasis upon specialization, the practice of tempering the young 
physician in the press of institutionalized patients rather than in the 
field of active practice; and, growing out of this era of scientific influ- 
ence, the distressing fact that too often our students have been trained 
to study disease rather than to understand the problems of a sick 
human being. 

Many of us who teach medicine have become aware of our 
shortcomings. We are beginning to realize that specialization breeds 
technicians, not physicians in the Oslerian sense, and more has already 
been done to counteract our faults than is widely realized. The great 
upsurge in psychiatry in the medical schools has resulted in the beneficent 
intrusion of psychosomatic concepts into every special discipline, thus 
bringing into focus the sick patient rather than an exhaustive list of 
laboratory tests. The increasing emphasis now placed upon environ- 
mental medicine, and the widening effort to help the student become 
familiar with the impact of sickness in the atmosphere of the home, 
all are evidence that the medical schools are again becoming aware of 
the social responsibilities implicit in their job, In school after school 
the curriculum is being subjected to critical study. Experiments large 
and small are appearing throughout the land, and in the newly estab- 
lished Teaching Institutes of the Association of American Medical 
Colleges the medical faculties of the nation have embarked upon a 
program of critical cross fertilization which is unlike any previous 
experiment in the scope and ambition of its purpose. 

What we now attempt to do is to humanize the competent techni- 
cian produced by the brilliant post-Flexner period of medical education 
so that we may realize the full measure of William Osler’s legacy to 
the medical schools. Several years ago I tried to express the ideal we 
strive for and I believe I can do no better than repeat what I said then: In 
his service the professional man must act in a three-fold capacity. He 
must appear simultaneously as skilled technician, as sage and as priest. 
In no professional role is this trinity more fully illustrated than in that 
of the physician, Knowledge is needed and often most detailed know!l- 
edge sharpened into tempered skill; but that is not enough. Wisdom 
must be there to condition knowledge; but that is not enough. Under- 
standing must guide skill and humanize wisdom; then only do we see 
the complete physician. 
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GERMFREE RESEARCH: 


A BASIC STUDY IN HOST-CONTAMINANT RELATIONSHIP 


I. General and Theoretical Aspects of the Problem 


James A. Reyniers and C, Trexcer 


Lobund Institute, University of Notre Dame, 


The subject of host-contaminant relation- 
ship has many ramifications, which may be 
focussed where the host and its contaminants 
first meet. Such a point of view assumes that 
host and contaminants can be recognized as 
distinct biologic entities and their association 
as a dual biologic system is accidental. 

If the focal point of discussion is the first 
meeting of host and contaminants, then it is 
possible to project a plan of investigation 
within the framework of a thesis, This thesis 
is that the pure culture concept may be ex- 
tended to the animal and on this basis ap- 
plied to problems in biology and medicine 
of which the host-contaminant relationship 
is one. Such an approach is long-range, basic 
in nature, and exploratory by intent but 
with advantages of logic and continuity. It 
presumes that the animal may live as a pure 
culture free from contaminants, 

The conventional animal, after birth, may 
be considered as a dual biologic system con- 
sisting of host (animal) and contaminants 
(bacteria, worms, ectoparasites, viruses, pro- 
tozoa, etc.). The investigator may describe 
this dual system as such and he may, for 
experimental purposes, add or subtract one 
or another contaminant, but he has no con- 
trol as far as contamination in a general 
sense is concerned. Thus, the conventional 
animal at any point in its life is the product 
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of continuing accidental microbial experi- 
ence. As an experienced host, therefore, the 
conventional animal does not satisfy the de- 
mands of the pure culture concept. Unless 
some logic other than this concept is ac- 
cepted as the basis for an experimental 
approach to the problem of host-contaminant 
relationship, increasing dependency must be 
placed on the naturalistic approach which 
is essentially descriptive. The natural ap- 
proach is foreign to the experimental ap- 
proach which is essentially artificial, deals 
with but a single variable, and depends on 
models to examine or create a phenomenon 
with the ultimate aim of controlling it to 
whatever ends are desired. 

If the pure culture concept is to be ex- 
tended to the problems which face us with 
respect to the host-contaminant relationship, 
the “host” must be reared free of contamin- 
ants, after which they may be brought into 
association with each other as pure units, 
Thus, the degree of experimental control 
necessary to the broad thesis is satisfied at 
least in theory. In practice, if the host is to 
be freed from its contaminants, this must be 
done at the most propitious stage in its life 
cycle and subsequently reared so as to pre- 
vent recontamination. 

The host and its contaminants may be- 
come associated either 1) before or 2) after 
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birth or hatching. 

1, Contamination of the host before birth: 
The animal, as such, exists first in the fertil- 
ized ovum which develops into an embryo 
and later into the entity capable of an inde- 
pendent life. The period of development 
prior to birth is one of preparation for inde- 
pendent life during which the animal is en- 
dowed with the cells, tissues, organs and 
systems necessary for carrying on this life 
and for meeting environmental threats of 
which microbic contamination is one. It is 
quite possible that a contaminant may exist 
as part of the male and female gamete, or 
at least in this environment in which the 
gametes develop and in which the fertilized 
cell grows toward independent life at birth. 
If this is the situation, then a high degree 
of synergism must exist; otherwise the asso- 
ciation would be reflected adversely during 
development of the animal. It is, of course, 
entirely possible that a contaminant may 
exist as a true symbiont necessary to the 
economy of the gametes or the developing 
embryo. This will depend on how the term 
contaminant is defined and what connota- 
tions are implied, If a contaminant is taken 
to mean life other than that produced by 
the host protoplasm, the problem is some- 
what simplified since there now remains 
only the problem of identifying this sus- 
pected life entity. Entering into this defini- 
tion is the possibility that genes may act 
in a foreign cell to its detriment, i.e., chang- 
ing the course of its development and acting 
as a virus. These things may call for new 
definitions; but, if true, such definitions must 
wait new evidence. On the other hand, 
viruses may exist as contaminants in the 
environment of the gametes and remain 
quiescent until such a time as they can be- 
come active in the embryo or animal. Finally, 
the probability exists that contaminants may 
pass through the mammalian placenta, or 
into the egg from the genital tract, and 
hence grow in the embryo without affecting 
it, or develop at a later dete in the newborn 
young. 

The animal must develop systems and 
mechanisms during the embryonic period to 
resist or adapt to contamination at birth 
and as a fertilized cell these systems may not 
be present. Moreover, virologists have taken 


advantage of the embryo to grow viruses in 
pure culture without contamination. The 
fact of the matter is that most normal ani- 
mals develop toward independent life in a 
protected environment. It would seem illogi- 
cal that such shielding would not exist while 
the animal is assuming identity and develop- 
ing the necessary means for conducting inde- 
pendent existence. As an embryo, it is cer- 
tainly not capable of meeting the threat of 
the external environment, much less carrying 
on independently in this environment. The 
normal animal at birth shows little detri- 
mental effect due to contamination in the 
prenatal state. If a contaminant exists, it 
does not grow in competition with the 
healthy embryo. 

Thus, even though there is a_ possibility 
that this animal and contaminants may meet 
before birth, there are still two separate enti- 
ties involved and so it should be possible 
to separate one from the other. 

2. Contamination of the host after birth: 
The second point at which the animal and 
contaminant may meet is at or shortly after 
birth or hatching. This is fairly evident for 
the external environment contains varieties 
of living forms, many of which are capable 
of growing in or on the animal. Moreover, 
experience has shown that the animal after 
birth becomes a host for contamination with- 
out exception. These contaminants are in the 
external environment, not in the animal 
before birth. 

If the two possible points of contamination 
are considered, it is clear that any start 
toward separation of the animal from the 
contaminants must be made at that point 
where the animal is capable of independent 
life, ie, near or at birth. It is possible to 
eliminate contaminants from the external 
environment and, if necessary, to devote 
attention to the elimination of internal con- 
taminants when they can be demonstrated. 
Unless the threat of contamination at birth 
is eliminated, the latter problem is impossible 
of solution if the animal, and not the em- 
bryo, is the experimental unit. There is one 
other possible path to follow and that is 
to eliminate the contaminants at some point 
in the life of the animal after birth and 
after it is conventionally contaminated, but 
a little consideration will reveal the manifest 
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difficulties of this situation, Not only must 
the contaminants within the animal be elim- 
inated but also those in the environment as 
well. Moreover, this approach complicates 
the problem tremendously with respect to 
the possible contaminants brought in with 
the germ cells, or added to the animal from 
its mother during intra-uterine life or from 
the egg during external incubation of the 
oviparous embryo. 

It is the animal taken at or shortly before 
birth and reared in a sterile environment 
which we presently call “germfree”—a 
term which has the sanction of usage. We 
define a germfree animal as one which is 
free from all life other than that produced 
by its own protoplasm within the limitations 
of available methods to detect living forms. 
This animal may be considered free from 
bacteria, yeasts, molds, Rickettsiae, viruses, 
protozoa, worms and ectoparasites. Further, 
we mean that not only is the animal free of 
these contaminants so far as we know, but 
so is the environment in which it passes its 
life and goes into successive generations, We 
also refer to a germfree animal as “pure 
animal” when it is used experimentally. 
Thus, for the purposes of the host-contam- 
inant problem, we have available a host 
which will answer the requirements of the 
pure culture concept and an experimental 
approach is open on this basis. The germ- 
free animal may be studied as a pure ani- 
mal or a pure culture of animals, or it may 
be brought into association experimentally 
with other pure cultures (microbes, etc.) in 
order to explain some phase of the broad 
problem of host-contaminant relationship. 

Obtaining germfree animals is one thing, 
but rearing them germfree through succes- 
sive generations depends on the proper 
apparatus and techniques. Such apparatus 
will not satisfy the main thesis if it is de- 
signed to merely contain a germfree animal, 
e.g. the hatching of a chicken in a jar. 
The problem of design is more basic than 
this and broader in implication. The basis 
lies in recognizing the philosophy of isolation 
which is a corollary of the pure culture con- 
cept. According to this philosophy, an isolate 
must be contained within neutral barriers 
and the space they enclose be expanded or 
contracted as needed. The environment so 
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formed must be freed from all contaminat- 
ing factors, For example, while the wall of 
a test tube might be considered as a barrier 
and the pure culture the isolate, the passage 
from tube to tube of the isolate, no matter 
how careful the technique, results in a 
break in the barriers because the isolate is 
brought into contact with a contaminated 
environment even though for a brief interval. 
This admits to possible contamination. 

The design of the Reyniers Germfree Sys- 
tem meets the requirement of the basic 
design because it permits complete control 
of the environment. The individual units 
(Germfree Cages) can be freed of all living 
contaminants by sterilization with steam un- 
der pressure, Food and water can be taken 
into the unit or debris removed by steriliza- 
tion in situ. Air can be sterilized or filtered 
by devices which are a part of the unit 
and objects can be handled within the unit 
through flexible gloves or mechanical devices 
which are an integral part of the wall. Units 
can be combined in any usable numbers 
so that one unit can be brought to the same 
degree of environmental control as an adja- 
cent unit to which it is attached, thus 
making it unnecessary to expose an isolated 
object to the external environment during a 
transfer or at any other time. In short, the 
units comprise a system for exact control 
of the environment whether that be micro- 
organisms, dust, gas composition, pressure, 
temperature or humidity. 

While we are here concerned with rearing 
germfree animals, it should be remarked 
that the system is also being used to contain 
dangerous pathogens in air-borne and other 
studies as well as for machining objects in 
an atmosphere free of oxygen, or running 
chemical studies during which manipulation 
is necessary in an atmosphere of known 
composition, pressure and humidity. In 
short, it is possible with this system to exact- 
ly and conveniently control the environment 
to a degree consistent with the experimental 
demands. While the shape and size of these 
units may change in time for convenience 
or some other purpose, we believe the sys- 
tem is adequate in principle for the purpose 
for which it is intended and will remain so 
because the principles of design around 
which it has been built are consistent with 
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the basic theories of isolation and the con- 
cept of pure culture. 

Quite apart from the specific questions 
that might be asked about the host-contam- 
inant relationship, and they are many, it is 
necessary, in our judgment, first to study 
the animal free from contaminants through 
successive generations even before it is used 
for experimental purposes, There are many 
reasons for this but the main reason is that 
we know scarcely anything about life under 
these conditions. It is necessary to establish 
a base line against which the action of a 
contaminant can be measured, Therefore, in 
1930 this approach was set down as part 
of the long range program in Lobund Insti- 
tute, contingent, of course, on being able to 
obtain and rear animals free from contam- 
inants and on the development of a suitable 
system for controlling the environment in 
which this could be done with certainty. In 
essence this phase of the program consists 
in describing the germfree animal morpho- 
logically, biochemically, physiologically, and 
serologically, assuming of course the neces- 
sary degree of standardization with respect 
to health of the animal. Unless this is done 
experience has shown us that many mistakes 
will be made when the animal is used as a 
tool to answer specific questions about some 
phase of the broad problem. 

If we pursue this line of thought further 
in relation to the problem set before us, two 
directions are possible: 1) backward, so to 
speak, in an attempt to discover and study 
host-contaminant relationships arising from 
and 2) 


forward, on the assumption that the animal 


possible prenatal contamination; 
contains no contaminants at all and, there- 
fore, has no experience with them. 

1, If we work backwards into the prob- 
lem, there are several approaches — one 
through genetics, another through observa- 
tions over the entire life of the animal and 
its progeny. There is also the direct ap- 
proach in which an attempt is made to break 
apart any symbiotic relationships by placing 
the through the use of 
radiation, carcinogens, etc., or to deliberate- 
ly contaminate it with a known virus. 

2. If we work forward in the problem on 
the assumption that the animal is free from 


contaminants at birth and after, the ap- 


stress on animal 


proaches are just as varied. The problems 
of nutrition and of the biochemistry involved 
inasmuch as 
there is no intestinal flora to complicate the 
study. Quite apart from the more specific 
question of “intestinal synthesis” lies the 
possibility of studying many other things 
such as 


are of considerable interest 


transport systems for chemical 
groups. The nutrition of the pure animal 
may be studied for the first time since it 
cannot be so investigated as a contaminated 
system. There are also the problems of 
longevity, resistance to non-viable contam- 
inants, the many problems of physiology, in- 
flammation, and tissue repair, to name only 
a few. 

But quite apart from these demands is 
the need to establish a healthy germfree ani- 
mal brought to a standard which makes it 
possible to use it as an experimental tool 
in direct approaches to specific problems, 
The 


brought to the same degree of standardiza- 


conventional animal can never be 
tion, nor can it serve in the same areas as 
the germfree animal with the same degree 
of certainty. This is so because the conven- 
tional animal cannot fill the requirements of 
the pure culture concept and is always a 
biologic 
which the host through its experience with 


contaminated or dual system in 


uncontrolled contaminants, presents  acti- 
vated systems with respect to contaminant 
association, Thus, we must always start in 
this study with the association already un- 
derway and never with a host system not 
activated, or ready to be experimentally acti- 
vated, as is the situation with a germfree 
animal per se, Le, to describe its natural 
history as fundamental to any challenge 
which might be submitted to it and always 
relating the study to the healthy, standard, 
normal, germfree individual. The pressure 
to apply these animals as tools in specific 
studies has made it difficult to adhere to 
these basic studies on the animal itself. 
Nevertheless, we think the study of the 
germfree animal per se is essential to the 
main problem of host-contaminant relation- 
ship if we are properly to evaluate experi- 
mentally induced host-contaminant associa- 
tions. 

Having considered briefly the need for 
studying the germfree animal as a pure sys- 
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tem, we now pass to the problem of bringing 
it into association with pure contaminants, 
The concept is simple. What we are trying 
to explain is the situation which exists in 
the normal conventional animal and_ this 
serves as a point of reference. Since the 
conventional animal represents an extremely 
complex situation, it is theoretically neces 
sary first to describe it. This can be done 
in some instances with sufficient clarity as 
in the case of disease or the production of 
antibodies specific to a known antigen, but 
there are areas, e.g., intestinal synthesis, 
aging, etc. which are not so clearly describa- 
ble. At any rate, experimental theory per- 
mits the factors involved to be analyzed and 
described before recombination under con- 
trolled conditions until the original complex 
is re-established. In addition, the procedure 
mentioned also allows synthesis of new situa- 
tions not leading to a reconstitution of the 
natural complex, but this is another path, 

In the use of the germfree animal, there 
is a tendency to consider the conventional 
animal as a control, in other words, to 
compare the conventional animal to the 
germfree animal. In some instances this is 
possible but in the matter of introducing a 
pure culture to the germfree animal the 
proper control is the germfree animal un 
associated with a contaminant. This may 
seem like a minor point but again experience 
has shown the need for emphasizing it. The 
conventional animal is at any time the result 
of an indiscriminate experience with con 
taminants, whereas the germfree animal has 
no such experience and when a pure culture 
is introduced to it the effect is not experi 
mentally the same. It is obvious that basic 
biologic reactions and patterns are alike in 
all instances. because the host, whether it 
is reared germfree or in a conventional 
manner, is endowed with the same systems 
and responses; it is just that in the germ 
free host some systems have not been acti- 
vated and some responses not awakened, 

The germfree animal does not show anti 
hodies against bacteria, which are the com 
monest contaminants, unless it is brought 
into contact with bacteria. When a pure 
culture of bacteria is introduced, the re 
sponse is specific and there are also definite 


tissue responses to the association. Using the 
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germfree animal and knowing that it does 
not have antibodies against bacteria of any 
kind, that the lymphatic tissue is in general 
reduced, and that the wandering lymphocytes 
are not trained, it is possible to elicit con- 
trolled activation to the degree necessary for 
a step by step study of the general phenom- 
ena underlying these activities. This is not 
possible with the conventional animal simply 
because activation has started at birth, 

If we attempt to associate the specific 
responses brought about by introducing a 
pure culture of bacteria into the germfree 
animal to resistance against infection, or to 
other general biologic phenomena such as 
aging, experiments may be set up step by 
step with a degree of certainty. Or, on the 
other hand, if the interest is in tumors or 
some other pathologic process, these pheno- 
mena may be studied with the knowledge 
that we are not confusing the picture 
through external contaminants which, even 
though they may not be specifically involved, 
do have an effect on the host which effect, 
in turn, may be related to the problem and 
confuse the interpretation of results, 

We have tried herein to present a broad 
and basie approach to the host-contaminant 
relationship, By extending the pure culture 
concept to higher animals, by proper instru- 
mentation of the principle of isolation as it 
involves the control of environment, and by 
studying the germfree animal in many spe- 
cies and through many generations in the 
absence of contaminants, it is possible sys- 
tematically to set up a program for the study 
of host-contaminant relationship as this may 
be manifested both in basic and applied 
problems. It is obvious that in this limited 
space, and considering that this work has 
heen going on since 1928, only a fragment 
of the results can be brought to your atten- 
tion, but they will indicate the planning of 
the long-range program and approach, The 
host-contaminant relationship with its many 
manifestations in basic biology and medicine 
has a focus and that is at the point where 
the host and contaminants first come into 
contact with each other, The problem is 
basically that of rearing the host germfree. 
The methodology has been worked out and 
is operating. The road from this point is 
well marked but long. 
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Il. Serologic Observations in Germfree Animals* 


Morris WaGNER 


Lobund Institute, University of Notre Dame, Notre Dame, Indiana 


The production of animals which can be 
reared and maintained in the germfree 
state’** has presented the opportunity by 
which many observations regarding host- 
contaminant relationships can be made. This 
paper deals with some of the serologic reac- 
tions that have been observed in germfree 
and conventional laboratory-reared animals. 

The existence of higher animal life in the 
germfree state poses the question as to 
whether antibody exists in animals reared 
devoid of microbial life. The literature is 
replete with reports thet the serum of 
normal (non-injected and non-clinically in- 
fected) animals contains so-called “natural” 
antibodies against a variety of bacteria. 
These “natural” antibodies are demonstrable 
with bacteria which can be isolated from the 
animals’ own digestive tract as well as with 
organisms which in many cases can not be 
demonstrated in the gastrointestinal tract 
nor in the environment at the time isolation 
procedures are attempted, 

Proponents of the Hirszfeld* school pro- 
pose that such antibody is physiologic, aris- 
ing naturally through a postnatal gradual 
physiologic ripening of the serum proteins 
and is thus independent of any external 
stimulus. This “serogenesis” viewpoint in- 
cludes the assumption that “natural” anti- 
bacterial bodies arise during the normal 
production of serum proteins simply through 
a fortuitous chemical affinity between the 
normally produced serum protein and cer- 
tain bacterial antigens. 

Others propose that this type of antibody 
is not natural but rather has been produced 
. The data reported herein will be presented in 

greater detail! in Lobund Reports No, 3 under 

the title “A Survey of Germfree Animals: I. The 

White Wyandotte Bantam and White Leghorn 

Chicken” by Tames A. Reyniers, Philip C. Trex- 

ler, Robert F. Ervin, Morris Wagner, Thomas 

D, Luckey and Helmut A. Gordon. These studies 

were aided by a contract between the Office of 


Naval Research, Department of the Navy, and 
the University of Notre Dame, NR, 131-067 
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in response to external stimulation, either 
through contact with the specific bacterium 
in question or through contact with a closely 
related organism or antigenic substance. The 
external stimulation view does not neces- 
sarily negate the accidental chemical affinity 
idea as one means of producing antibacterial 
antibody since it is at least possible that 
some antibody may be produced in this way. 
However, it is generally believed that the 
usual way in which such antibacterial anti- 
body arises is through some external anti- 
genic stimulation. 

Considering now the germfree animal 
which has spent its entire life free from 
viable microbial associates, it was of in- 
terest to determine whether such animals 
actually do possess antibacterial antibody in 
the absence of any prescribed procedure, 
such as parenteral injection, which might 
stimulate antibody production. Thus, if the 
antibacterial antibody found in the serum 
of conventional animals is truly a “natural” 
antibody, it should also appear in the germ- 
free animal independent of any external 
stimulus. However, if these so-called “nat- 
ural” antibodies are in reality induced via 
external stimuli, they probably should fail 
to arise in the germfree animal. 

Normal conventionally-reared animals are 
also known to produce hemagglutinins and 
hemolysins reacting with certain foreign 
species’ erythrocytes. Again there exists 
some controversy as to whether such hemag- 
glutinin is physiologic or induced. Most in- 
vestigators accept the theory that hetero- 
hemagglutinins and isohemagglutinins are 
developed under genetic control as a gradual 
physiologic ripening of the serum proteins 
and that external antigenic stimuli are not 
necessary in this case for their development. 

However, Wiener® has expressed the idea 
that the alpha and beta isohemagglutinins 
in normal human blood serum arise via 
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stimulation from the external milieu by 
exposure to organisms, food or other mate- 
rials containing compounds identical or sim- 
ilar to the human blood group substances A 
and B. If this is true, then certainly 
heterohemagglutinins could also arise 
through some similar process, e.g. horses 
immunized with Type XLV pneumococci give 
rise to anti-human RBC antibody.* 

With regard to such heterohemagglutinins, 
we should be able to predict that if such 
antibodies are truly physiologic, then the 
presence or absence of viable bacteria per 
se in an animal should not influence forma- 
tion of antibodies of this type unless the 
germfree state itself were to leave the ani- 
mal in a serologically immature or under- 
developed state. 

It should that 
indicated, the following results were ob- 
chickens 


be noted unless otherwise 


tained using sera from normal 
which were not injected or otherwise pur- 
posely treated in any way with antigenic 
substances. Comparisons are made between 
chicks raised germfree in Reyniers Germ- 
free System and chickens reared by conven- 
tional brooder-room methods. 
Both germfree and conventional chicks were 


fed the same autoclaved semi-synthetic diet. 


laboratory 


“NaruraL” HererOHEMAGGLUTININS FOR 


Rassrr tes 


Sera from chicks ranging in age from 0 
to fifteen days failed to agglutinate rabbit 
erythrocytes, However, at the age of thirty 
days and older, both germfree and conven- 
tional chick sera agglutinated these erythro- 
1:4 to 1:64. 
There was no significant difference in titers 


eytes to titers ranging from 
observed in germfree vs. conventional chicks 
at comparable ages ranging up to approxi 
mately one year, A slight increase in titer 
was observed in both groups with increase 
in age. 

The negative reaction in the young age 
groups was expected since it is well known 
that young animals either fail to 
produce antibody or at best give poor re- 
sponses even when treated parenterally with 
antigenic substances. The presence of the 
heterohemagglutinins in the thirty day and 
older germfree chicks would indicate that 
at least viable microorganisms are not re- 


very 
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sponsible for heterohemagglutinin produc- 
tion. The question as to whether such anti- 
body arose through “serogenesis” or by 
stimulation with some unknown dietary sub- 
is still However, the 
ability to eliminate the influence of viable 
microorganisms by use of germfree tech- 
niques offers a valuable tool for the future 
study of the possible role of external stimuli 
in the origin of such antibody, 


stance unanswered, 


ANTIBACTERIAL AGGLUTININS IN 
GeaMrree AND CONVENTIONAL CHICKENS 


“NaTuRAL” 


Paracolobactrum Aerogenoides Test Tube 
Antigen: This organism was isolated from 
the feces of a conventional laboratory-reared 
chick and represents one of the more pre- 
dominant bacteria in the digestive tract. 

Young conventional chick sera failed to 
agglutinate this antigen in the test tube. 
However, conventional chicks ranging in 
age from thirty days to approximately one 
year produced titers ranging from 1:4 to 
1:128. a gradual 
titers observed with an increase in age. 

The germfree chicks failed to agglutinate 
P. aerogenoides at all ages up to approxi- 
mately one year, 


There was increase in 


Similar data were also obtained with a 
chicken strain of Escherichia coli. These 
with the paracolon and 
coliform organisms offer evidence that the 
so-called “natural” antibacterial antibodies 
are not natural but are produced as a result 
of exposure to external stimuli. 

Micrococous Epidermidis Test Tube Anti- 
gen: Conventional chicks 0 to fifteen days 
of age failed to agglutinate this organism. 
However at ages of thirty days to approxi- 
mately one year, titers ranging from 1:4 to 
1:64 were observed. A gradual increase in 
titer occurred with an increase in age. 

The germfree chicks failed to agglutinate 
M. epidermidis in ages up to 170 days, How- 
ever germfree chicks at the over-200-day-age 
level did show positive agglutination at 1:8 
titer. 

While M. epidermidis can be isolated 
from the feces of conventional chicks (which 
in itself might account for the presence of 
agglutinins in the conventional sera) it 
was also found that this same organism is 
one of the more predominant bacterial forms 


results obtained 
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that can be isolated from the diet prior to 
sterilization. The autoclaving of the diet fed 
the germfree birds destroys the viability 
of the bacteria intrinsic to the ingredients 
that make it up, as well as those introduced 
through handling during diet preparation. 
However, loss of viability after autoclaving 
does not preclude retention of antigenicity. 
The delayed appearance of anti-Micrococcus 
epidermidis agglutinins is probably a func- 
tion of low concentration of organisms in 
the diet plus low antigenicity incurred either 
through the nature of the organism itself 
or a8 a result of the vigorous heat treatment 
during autoclaving. 

The failure to demonstrate anti-Paracolo- 
bactrum aerogenoides or anti-Escherichia 
coli agglutinins in germfree chicks up to 
one year of age was correlated to the failure 
to demonstrate such organisms in the diet. 
We have never been able to detect coliform 
organisms in periodic tests on the preauto- 
claved ration. 

However, the presence of dead M. epi- 
the for the 
production of agglutinins in the older germ- 


dermidis in diet may account 


free chicks by a process analogous to im- 
munization with oral vaccines. 

Antibody Response to Large Numbers of 
Dietary Organisms: In the case of Micro- 
coceus epidermidis, we were dealing with 
dietary organisms present in small numbers 
as adventitious “impurities” of the other 
dietary ingredients, 

The 


on chicks fed large numbers of dead bacteria 


following are isolated observations 


which were purposely incorporated in the 
ration. The source of bacteria was from 
“BY-21," a fermentation product of the 


Commercial Solvents Corporation. It was 
at a 2 
level. Direct microscopic examination of the 
cliet to 


he present. The antigen used for testing the 


incorporated in the diet per cent 


showed large numbers of bacteria 


presence of agglutinins was prepared from 
a bacillus species isolated from the BY-21 
hefore autoclaving 

Two germfree chicks receiving large num- 
bers of dead bacteria in the BY-21 diet pro- 
duced agglutinins to titers of 1:16 and 1:32 
against the BY-21 bacillus when observed at 
ages of forty-two and sixty-nine days re- 
spectively (well prior to the 200 day Micro- 


coceus epidermidis agglutinins previously 
referred to). The anti-E. coli and anti-M. 
epidermidis titers for these sera were nega- 
tive. A germfree chick not receiving dietary 
BY-21 failed to agglutinate the BY-21 anti- 


gen at age thirty-nine days. 


Tue Resvonse or AND 
ConventTionaL Cuicks TO PARENTERAL 
INsecTrion oF ANTIGEN 


The question is often asked, “How will 
the germfree animal, which has had no im- 
munologic experience with living micro- 
organisms, react to non-viable antigenic sub- 
stances when introduced by parenteral injec- 


tion?” Germfree and conventional chickens 
were given intravenous injections of Sal- 
monella pullorum bacterin or sterile beef 
serum, 

In this experiment, no attempt was made 
to produce maximum titers in these animals 
that 


might overcome or mask initial differences 


since it was feared over-stimulation 
in the two groups. The reactions recorded 
here were in response to three small intra- 
venous injections given on alternate days. 

The germfree and conventional chicks re- 
acted almost identically to parenteral injec- 
tion, producing average agglutinin titers of 
1:128 against the Salmonella pullorum and 
average precipitin titers of 1:4096 for beef 
serum. The non-treated germfree and con- 
ventional chick sera gave negative reactions 
for anti-Salmonella pullorum agglutinin and 
anti-beef serum precipitin, It remains to be 
seen whether single small dose injections 
may show more subtle differences. At this 
stage, it appears that the germfree state has 
not handicapped the antibody-producing ap- 
paratus, 

Summing up, it was shown that germfree 
chickens in 
time and titer quite comparable to conven- 


produce heterohemagglutinins 


tional chicks. It has also been shown that 
antibacterial antibody apparently arises in 
response to external stimuli. Conventional 
chicks, harboring coliform bacteria as part 
of the intestinal flora, produce agglutinins 
which react with these intestinal isolates. 
Germfree chicks, on the other hand, were 
not exposed to viable coliforms nor could 
any evidence be found that they were ex- 


posed to dead coliforms in the diet. Germ- 
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free chicks failed to develop anti-coliform 
antibody. 

That germfree chicks can produce anti- 
bacterial agglutinins in response to external 
stimuli was demonstrated by the fact that 
Micrococcus epidermidis could be isolated 
from the diet prior to sterilization and that 
germfree chicks fed such sterile diets event- 
ually produced agglutinins against this or- 
ganism. It was also shown with the BY-21 
diet that feeding large numbers of dead 
bacteria shortened the time at which anti- 
bacterial antibody could be detected in germ- 
free chicks. 

Finally, it was shown that intravenous 
injection of antigenic substances into germ- 
free and conventional chicks resulted in the 


production of comparable antibody titers 
in the two groups, 
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ill. Morphologic Characterization of Germfree Life* 


Hetmur A, Gorpon 
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The aim of this study was to characterize 
the germfree animal with data concerning 
growth, organologic status, reproduction and 
other general criteria of health, Subsequent- 
ly, the role of the lymphocyte was taken up 
in some morphologic and functional detail 
and from this viewpoint a comparison was 
drawn between the germfree and conven- 
tional animal. 

The materials forming the basis of this 
report were chickens and rats distributed in 
groups of mixed sexes, aged from the new- 
born to one year. 

Morphological Description of the Germ- 


* Some of the data reported herein will be pre 
sented in greater detail in Lobund Reports No 
3 under the title “A Survey of Germfree Ani- 
mals: I. The White Wyandotte Bantam and 
White Leghorn Chicken” James A. Reyniers, 


Philip C. Trexler, Robert F. Ervin, Morris 
Wagner, Thomas D. Luckey and Helmut A. 
Gordon, These studies were aided by a con 


tract between the Office of Naval Research, De 
vartment of the Navy, and the University of 
Notre Dame, NR, 131-067, 
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free Animal; On first approximation, it can 
be stated that higher organisms living in 
the absence of germs do not change in macro- 
scopic appearance. Growth red cell 
and hemoglobin concentration of the blood 
are close to normal, or somewhat higher in 
the germfree. However, this difference never 
reaches the degree of statistical significance. 


rate, 


The germfree animal matures and begins its 
cycle of reproduction at the same age as, 
or a little earlier than, the normal conven- 
tionals. At present there are rats in Lobund’s 
germfree colony which represent the eighth 
generation after the initial litter born by 
cesarean operation from a conventional 
mother animal. In respect to aging, our ob- 
servations are only spotty; however, they 
permit us to state that the germfree animal 
lives at least as long as the conventionals 
of the stock colony. Thus, from the view- 
point of general health, the germfree ani- 


mal appears normal, when measured with 
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the yardstick of conventional 
standards, 

However, a systematic survey of our ani- 
mals has also revealed the existence of some 
vitally irrelevant, but biologically essential, 
differences between the germfree and the 
conventional. These differences can be briefly 
summarized, Organs which in normal con- 
ditions are in direct contact with a bac- 
terial flora, e.g., the gastrointestinal tract, 
weigh significantly less in the germfree than 
in the conventionals (expressed in weight per 
100 gm. body weight). This characteristic is 
also shared by the lymph follicles and nodes 
which are dispersed in or adjacent to the 
intestinal canal, such as: the Peyer patches, 
mesenteric lymph nodes and notably the 
ileocecal tonsil of the chicken, Other organs 
of the germfree animal which in the contam- 


laboratory 


inated animal have no flora-contact, show 
identical weight conditions, duplicating the 
normal controls. 
to the 


organs, such as the spleen. 


This seems to apply also 
more remote lymphocyte-bearing 
Thus, in this 
comparative study between the germfree and 
the conventional, there have been established 
two clearly different groups of organs. One 
group faces the exterior and has a signifi- 
cantly reduced weight in the germfree; the 
other, which is harbored in the interior of 
the organism, shows no difference in the 
two animal categories. 

In an effort to interpret this difference, 
only partial answers can be offered. It has 
been established that the lesser weight of 
the external environment organs of the germ- 
free is not paralleled by dry-weight differ- 
ences, thus ruling out the possibility of a 
Similarly, it has 
been found that the mass of lymphocytes, 


difference in hydration. 


though actually reduced in these organs of 
the germfree animal, could not account for 
the rather weight -ceficit 
served. evidence 


ob- 
that 
certain differences in the amount of connec- 


substantial 
Preliminary shows 
tive tissue are mainly responsible for this 
phenomenon 

At this point an additional detail should 
be emphasized, One of our previous state- 
ments implied that in terms of endocrine 
organ weights there is no difference between 
germfree and conventionals. Indeed, all our 
animals appeared endocrinologically normal. 


HELMUT A. 


GORDON 


This fact, combined with the reduced weight 
of some lymphopoietic organs in the germ- 
free, merited special attention, particularly 
in view of some current theories concerning 
the relationship between the endocrines and 
lymphocytic mobilization. Therefore, in order 
to contribute additional evidence to this 
question, parallel determinations of adrenal 
cholesterol and ascorbic acid were run, in 
order to gauge, presumably, the functional 
status of the adrenal cortex. The results 
showed that there was no difference from 
this viewpoint between these two animal 
categories. It is believed that this evidence 
of endocrine stability is an added support in 
proving the normalcy of the germfree 
animal. 

Another interesting difference between the 
germfree and the conventional animals con- 
cerns the degree of variability in some of 
their morphologic and functional character- 
istics. A comparison of the coefficients of 
weights in the two 
animal categories clearly demonstrates that 
in most organs of the external environment, 
the germfree animal shows a lower scatter- 
ing than the conventional, as exemplified in 


variability of organ 


the case of the small intestine and the ileoce- 
cal tonsil. In respect to the organs of the 
internal environment, there is no difference 
in seattering between the two groups. At 
present only a speculative explanation is 
offered for this evidence. It is plausible that 
organs unexposed to the flora-stimulus, such 
as in the germfree, should respond with a 
higher degree of uniformity. Experimental 
details of this question are presently under 
elaboration. 

Observations Concerning the Lymphocyte 
in Germfree Animals: The discussion con- 
cerning the role of the lymphocyte in this 
field of investigation is best introduced by 
way of the previously mentioned, greatly re- 
duced weight of the fleocecal tonsil in the 
germfree chicken. For example, between the 
sixty day old germfree and conventional 
White Wyandotte Bantam chicken the ratio 
in the weight of this organ is approximately 
i to 2. With increasing age, this ratio can 
reach even 1 to 3 or more. Histologic obser- 
vation has shown that the reduced weight of 
this organ in the germfree animal is paral- 
leled by a considerable reduction in its lym- 
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phocyte content. Following this lead the con- 
centration of lymphocytes was determined in 
various organs where this was feasible and 
appeared to be of some importance. Our 
results showed, for example, that the ileoce- 
cal tonsil, an organ of the external environ- 
ment, shows a drastically lower lymphocytic 
content in the germfree (germfree-conven- 
tional ratio 1:10). The spleen, a representa- 
tive of the organs of internal environment, 
failed to demonstrate any differences in this 
respect. The blood, which probably draws its 
lymphocyte supply from both the organs of 
external and internal environment, occupies 
a mid-position between these two extremes 
(germfree-conventional ratio, 1:2). The com- 
bined results unquestionably demonstrate the 
importance of the bacterial flora in deter- 
mining the size of the lymphocytic stock of 
exposed organs. 

In an effort to elucidate these findings 
from the functional viewpoint only prelim- 
inary observations can be offered. Actually, 
a common treatment of both rat and chicken 
lymphocyte data appears permissible for this 
purpose because the basic response of these 
cells to bacterial stimulation always showed 
an identical pattern in spite of the fact that 
two such distant and unrelated species were 
involved. 

The first question investigated was the 
antigenic sensitization of the lymphocyte. Is 
it possible to demonstrate a parallelism be- 
tween the spectacular lymphopoietic stimula- 
tion of the ileocecal tonsil and a sensitization 
of the involved lymphocytes against intes- 
tinal bacterial antigens? If so, is this sensiti- 
zation absent in the instances when there is 
no direct flora-contact, such as is the case 
in all lvmphopoletic centers of the germfree 
or in the remote internal environment cen- 
ters of the conventional animal? Using the 
lymphocytolysis technique of Favour,’ lym- 
phocytes of various origins have been tested 
in vitro against a number of intestinal and 
other antigens. So far, the evidence is not 
conclusive and therefore only the progress 
of the experiments is reported herein. 

Our work has revealed some more detail 
in the studies concerning the production 
and utilization (release and removal) of 
the lymphocytes by various organs. These 
experiments were performed mainly in rats 
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and should be regarded as preliminary tests 
only. The procedure consisted of taking 
blood samples from the vein of different or- 
gans; simultaneously samples were secured 
from the arterial system. Thus, the concen- 
tration of white blood elements was estab- 
lished before and after the blood flowed 
through the organ. This indicated the posi- 
tive or negative contribution which occurred 
in the course of the passage. The values have 
been corrected for arterio-venous hemocon- 
centration but not, as yet, for flow. General- 
ly, the procedure was similar to that de- 
scribed by Ambrus and others.’ 

Blood samples taken from the upper, 
mid and lower small intestine of the con- 
ventional rat indicated that lymphocytes 
were being removed from the blood at all 
points of this organ, As far as the number 
of the lymphocytes removed from the blood 
was inverted relationship 
seemed to exist between this value and the 
bacterial content of the intestine: Le, the 
lower the segment of the intestine, the less 
lymphocytes were removed from the blood, 


concerned, an 


This finding appears to be somewhat para- 
doxical if it is accepted that the lymphocyte 
participates and is used up in the defense 
against However, the paradox 
is dissolved if it is considered that the blood, 
as a conveyor of lymphocytes, is gradually 
relieved by the increasing lymphopoietic 
resources of the lower gut. Splenic blood 
showed that this organ, as is well laown, 
is a major source of lymphocytes in the con- 
ventional animal. 

A test case for the correctness of these 
data and conclusions is offered by the germ- 
free animal, where 1) no bacteria are 
present in the intestinal canal, 2) presuma- 
bly no lymphocytes need to be removed from 
the blood for defense purposes and finally, 
8) the lymphopoletic centers in the lower 
gut are functioning only at a certain idling 
speed. The results show the following pat- 
tern. The upper part of the small intestine 
which presumably produces and utilizes only 
few lymphocytes, affects only little the 
blood’s arterial lymphocytic level during the 
course of the passage. In the lower portions 
of the intestine, an increasing amount of 
lymphocytes was found in the venous blood 
and it is conjectured that this is the result 
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242 HELMUT A. GORDON 
of the reduced, but still present, lympho- ment of the picture is given by the con- 
poietic activity of the lower gut in germfree  comitant data concerning one conventional 
conditions. The spleen of the germfree ani- rat. The net difference between the germfree 


mal appears to release significantly fewer and the conventional, ie., the initial and the 
lymphocytes than that of the conventional terminal state in this case, is in the three- 
animal, This observation is in apparent con- fold production of spleen-lymphocytes, Dur- 
tradiction with a previous statement in which ing the three weeks of transition, however, 
it was maintained that in this organ there is the spleen-lymphocyte output was as fol- 
no difference in lymphocytic stock between lows: Ist week 15-, 2nd week 30-, and 3rd 
the two animal categories. ‘The explanation week 7-fold increase over the original germ- 
of this discrepancy probably is that stock free value. These data appear to be a good 
and production of a cell type, in a given general example of the progress of adapta- 
organ, do not necessarily go hand in hand. _ tive phenomena. It is interesting to note that 
Thus far, this paper has dealt only with the appearance of antibodies usually co- 
animals that were fully adapted to their —incides with the subsiding of this spectacular 
bacterial or bacterium-free environment. lymphocytic response. 
Some data have been obtained, however, on 
the changes in lymphopoietic status which REFERENCES 


contaminated life. An illustration of this is ucts on lymphocytes of tuberculous animals, 
Proc. Soc. exp. Biol. Med. 65:269-72, 1947. 


the lymphocyte production of the spleen as 2. Ambrus, J, L., Ambrus, C. M., Johnson, G 
it wa »bserved in one ermfree and in C., Packman, E. W., Back, N., Chernik, W 
and Harrisson, J. W. E. The removal and re 
three other ex-germfree rats which were lease of white blood cells by extramedullary 


organs, Abstracts of the 19th International 


sacrificed one, two and three weeks after 0055 


a gross bacterial contamination. A comple- 
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MACY'S PRESCRIPTION DEPARTMENT 


Macy's is accurate. Our Prescription Department is a modern, sani- 
tary laboratory, staffed by competent pharmacists. All of our com- 
pleted prescriptions are carefully checked by supervising pharmacists. 
Our stock of ingredients is wide and reliable; it includes not only 
standord drugs, but also new and scarce products. And our prices 
are low. 


No wonder so many physicians prefer Macy's Prescription Department. 


Herald Square, N Y 
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The result of many years of research, Mic- 
tine, brand of aminometramide, supplies a 
long-felt need for an improved oral diuretic. 
Mictine, |-allyl-3-ethyl-6-aminotetrahy- 
dropyrimidinedione, is not a mercurial, xan- 
thine or sulfonamide. 


Effectiveness: Every method for measuring 
the diuretic effect in man now available, 


ions and water. 


including precise human bioassay studies, 
without exception demonstrated that Mic- 
tine is an effective oral diuretic, and these 
studies show that approximately 70 per cent 
of unselected edematous patients treated 
with Mictine by mouth respond with a sat- 
isfactory diuresis. 


Well-Tolerated: There are no known con- 
traindications to Mictine, even in the pres- 
ence of hepatic or renal damage, and there 


MICTINE*—THE NEW ORAL DIURETIC 


Searle MICTINE Provides Effective 
Oral, Non-Mercurial Diuresis 


Mictine is believed to act by the selective inhibition of the reabsorption of sodium 
ions. Thus, the resulting diuresis is characterized by increased quantities of sodium 


is no risk of acidosis. On high dosage, 
Mictine causes some side effects in some 
patients but on three tablets daily these side 
effects (anorexia and nausea, rarely vomiting, 
diarrhea or headache) are minimal or absent, 


Indications: Mictine is useful primarily in 
the maintenance of an edema-free state 
and in the initial and continuing control of 
patients in mild con- 
gestive failure. Mictine 
may be used also for 
initial and continuing 
diuresis in more severe 
congestive states, 
particularly when mer- 
curial diuretics are 
contraindicated. 


Administration: The 
usual dosage for the 
average patient is one 
to four tablets daily 
with meals, in divided 
doses on an interrupted schedule. An inter- 
rupted dosage schedule may be accom- 
plished by giving the drug on alternate days 
or for three consecutive days and then omit- 
ting it for four days. 

For severe congestive states the dosage is 
four to six tablets daily with meals, in di- 
vided doses on interrupted schedules similar 
to those already mentioned. 


Supplied: Uncoated tablets of 200 mg. 
*Trademark of G. D. Searle & Co. 
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Fear is a faithful companion. In angina pec- 
toris, particularly, many patients live in 
constant dread of recurrent attacks. 


Prophylaxis with Peritrate, a long-acting cor- 
onary vasodilator, offers new security in a 
majority of such cases. A single dose affords 
protection for as long as 4 to 5 hours, com- 
pared to 30 minutes or less with nitroglycerin. 


Different investigators’? observed that 80% 
of their patients responded to Peritrate ther- 
apy with fewer, less severe attacks . . . reduced 
nitroglycerin dependence... .improved EKG’s. 


Perit 


(BRAND OF FPENTAERY THRO. TETRANITRATE) 


WARNER-CHILCOTT 


You can prevent attacks in angina pectoris 


rate’ 


the perilous. 


A variety of convenient dosage forms now 
extends these benefits. Peritrate Delayed Ac- 
tion tablets (10 mg.), taken with the regular 
bedtime dose of Peritrate (plain) help allay 
the fear of nighttime attacks. Adapted to the 
recommended daily dosage of 40-80 mg., 
Peritrate is available in 10 mg. and 20 mg. 
tablets. And when added sedation is indicated, 
you can prescribe Peritrate (10 mg.) with 
Phenobarbital (15 mg.). 

1, Winsor, T., and Humphreys, P.: Angiology 3:1 (Feb.) 
1952. 2. Plotz, M.: New York State J. Med. 52:2012 (Aug. 


15) 1952. 3. Dailheu-Geoffroy, P.: L’Quest-Médical, vol. 3 
(July) 1950. 
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NEWI ¢ 


BACITRACIN-TYROTHRICIN-NEOMYCIN BENZOCAINE TROCHES 


broader attack to overcome minor throat irritations 


MAJOR ADVANTAGES: Combines 3 antibiotics to fight both gram-positive and gram- " 
negative bacteria. Benzocaine included for soothing effect. Little danger of sensitization. 


It's new—a single troche containing 3 potent Supplied: In vials of 12. Bach ‘Terrazets’ troche 
antibiotics (bacitracin, tyrothricin, neomycin) to —_ contains 50 units of zinc bacitracin, 1 mg. tyro- 
combat afebrile oral infections. thricin, 5 mg. neomycin sulfate with 5 mg. ben- 
‘TeTRAZETS’ offer you the ideal topical treat- _Zocaine. 
ment of minor irritations of the oral cavity. 
In deep-seated infections, such as Vincent's 
infection, tonsillitis and streptococcus sore 
throat, “TeTRAZETS’ may be used as an adjuvant 
to parenteral antibiotics. 
Before and after tonsillectomies, “TETRAZETS’ Philadelphia 1, Pa. 
help combat secondary invaders. DIVISION OF MERCK & CO., INc. 
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ACHROMYCIN 


The most widely prescribed form 
of this widely prescribed 
antibiotic. ACHROMYCIN Capsules 
are availabie in potencies of 
10 mg., 100 mg., and 250 mg. 


for every need—a suitable dosage form o 
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Other Dosage Forms: 

TABLETS: 50, 100, and 250 mg. 

PEDIATRIC DROPS (Cherry 
Flavor): 100 mg. per ce. 
(approx. 5 mg. per drop), 10 
cc. bottle 

ORAL SUSPENSION(Cherry Flavor): 
250 mg. per teaspoonful (5 cc.), 
1 07. bottle 

SPERSOIDS* Dispersible Powder 
(Chocolate Flavor): 50 mg. per 
rounded teaspoonful (3 Gm.), 
12 and 25 dose bottle 

SOLUBLE TABLETS: 50 mg. 


INTRAVENOUS: vials of 100, 250, 
and 500 mg. 

INTRAMUSCULAR: vial of 100 mg. 

OINTMENT (3%): % and 1 oz. 
tubes 


OPHTHALMIC OINTMENT (1%): % 
oz. tubes 


OPHTHALMIC SOLUTION: vial of 
25 mg. with sterilized dropper 
vial 

EAR SOLUTION (0.5%): 10 cc. 
dropper bottle 

SYRUP (Cherry Flavor): 125 mg. per 
teaspoonful (5 cc.), 2 oz. bottle 


HROMYCIN 


In any of its numerous dosage forms, ACHROMYCIN 
is a potent weapon to combat a variety of infections. 
This true broad-spectrum antibiotic has proved 
effective in controlling Gram-negative and Gram- 
positive bacteria, rickettsia, spirochetes, and certain 
viruses and protozoa. 


And ACHROMYCIN is unusually kind to the patient! 
Extensive use, in children and adults, has shown it 
to be practically free of untoward side reactions. 
ACHROMYCIN diffuses rapidly in body tissues and 
fluids, is readily soluble, and remains stable for 24 
hours in solution. 


When a broad-spectrum antibiotic is indicated, re- 
member—for your convenience, for the patient's 
comfort, there’s a particular dosage form of 
ACHROMYCIN to fill the need ! 


LEDERLE LABORATORIES DIVISION 
awenrcan Cyanamid compar PEARL RIVER, NEW YORK 


Now available as Syrup—ready-mixed! 


TETRACYCLIN 
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Pure sunlight 
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Sex hormones— 
only one injection 


per month: 


Depo- Estradio 

Trademark, Reg. U. S. Pat. Of. CYCLOPENTYLPROPIONATE 
Each ce. contains: 


Estradiol, 17-Cyclopentyl propionate 
Chlorobutanol 

Cottonseed Oil 

1 mg./ce. strength in 10 ce. vials 

5 mg./ce. strength in 5 ce. vials 


5. Pat. Of. 


Depo - Testosterone 


Trademark, Reg. CYCLOPENTY | PROPIONATE 
Each cc. contains: 


Testosterone Cyclopentylpropionate 
Chlorobutanol 

Cottonseed Oil 

50 mg./ce. strength in 10 ce. vials 

100 mg./ce. strength in 1 ce. and 10 ce. vials 


epo- lestadio 


Trademark, Reg U.S. Pat. Of. 


Each cc. contains: 

Testosterone Cyclopentylpropionate 
Estradiol, 17-Cyclopentyl propionate 
Chlorobutanol 

Cottonseed Oil 

10 ce. vials 


Upjohn 


50 mg. 


The Upjohn Company, Kalamazoo, Michigan 


1 mg. or 5 mg. 
5 mg. 


50 mg. or 100 mg. 
5 mg. 


2 mg. 
5 mg. 
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THE BULLETIN 


“Premarin” relieves 
_ menopausal symptoms with 
virtually no side effects, and 
imparts a highly gratifying 
“sense of well-being. 


PLASTIC AND GLASS EYES | when proper or corrective 


| shoes are indicated... 


| 


MAGER «& 
GOUGELMAN, Inc. 


OVER A CENTURY OF SERVICE + 1851-1952 
PRIVATE FITTINGS 
PERSONAL ATTENTION 
© EXPERIENCE & SKILL 


510 MADISON AVE., N. Y. 22 
Telephone Plaza 5-3756 


prescribe PEDIFORMES 


IN STOCK: 

* straight last shoes 

* inflare last shoes 

* outflare last shoes 

* club foot shoes 

* flat foot shoes 

* childen’s shoes with Thomas 

Heel and long counter 


You are assured alterations and fittings as 
you prescribe because of our interest, and experi- 
ence gained in serving the medical profession for 
more than 40 yeors, 


Pe rm 34 West 36th STREET 
Wisconsin 7-2534 


Other Shops in: Brooklyn * Flatbush * Hempstead 
New Rochelle * Hackensack 
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The long and short 


of Bentyl's relief 
of nervous gut 


1,2 


Clinicians prove Bentyl is long 


on effective relief... short on 


unwanted side effects including 


blurred vision and dry mouth. 


1. McHardy and Browne: 
and Shay: Fed, Proc. 12:90, 


Sou. Med. J. 
1952. 


Complete Bentyl bibliography on request. 


45:1139, 1952. 


2. Lorber 


— 


another exclusive development of Merrell research 


Rx INFORMATION 


teaspoonful (5 cc. ) contains 10 


BENTYL 


Bentyl affords direct (musculo- 
tropic) and indirect (nevro- 


tropic) spasmolytic action. 


Benty! provides complete and 
comfortable relief in smooth 

muscle spasm; particularly in 

functional G.I. disorders, in 


irritable colon, pylorospasm, 


biliary tract dysfunction and 


2 teaspoonfuls of syrup, three — 
times daily, before or after — 


to 1 teaspoonful, ten to fifteen 


tl with Phenobarbital adds 


— in vovies 

of 100 and 500 blue capsules, 
Bentyl Syrup in pint and 

gallon bottles. Bentyl with Phe- 


—In bottles of 100 
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nobarbital 
ing. oF pnenovaroiral | 500 blue-and-white cap- 
wreceding formula. __sules, and Benty! Syrup in pint 
Since 1828 : 
Oe PIONEER IN MEDICINE FOR OVER 125 YEARS 


ot for the treatment of pneumonia 
and other respiratory tract infections 
a 


BRAND OF OXYTETRACYCLINE 


For (£STABLISHED) broad-spectrum antibiotic 
therapy—supplied in convenient Capsules, 


Tablets (sugar coated), Oral Suspension 
(raspberry flavored), Pediatric Drops (raspberry 
flavored), Intramuscular, Intravenous, 
Ophthalmics, Ointment and other topical forms. 


BRAND OF TETRACYCLINE 


For the (Newest) broad-spectrum antibiotic 
therapy—supplied in convenient Capsules, 
Tablets (sugar coated), Oral Suspension 
(chocolate flavored), Pediatric Drops (banana 
flavored), Intramuscular, Intravenous, 
Ophthalmic and Ointment. 


Both discovered by (Pfizer) world's largest producer of antibiotics 


PFIZER LABORATORIES, Brooklyn 6, N. Y. 
Division, Chas. Pfizer & Co., Inc. 
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In a recent study of the basal secretion of 
duodenal ulcer patients,’ a single 10 mg. oral dose 
of Monodral was found to produce anacidity in 
38 of 47 tests and to reduce the volume of 
secretion to a few milliliters in 33. 


Heals, does not conceal. Monodral relieves 

ulcer pain faster, and favors healing, 

because it eliminates two pain-producing factors: 
excess free acid and gastric hypermotility.’ 
Anticholinergic agents which do not have 

this ability to suppress HC] may mask the 
failure of the uicer to heal. Try Monodral 

on patients who have failed to respond to other 
parasympatholitic agents. Milder side effects — 
virtually no constipation. 


bromide 
1. McKenna, R.D.: Royal Victoria Hospital, Montreal, Canada: : 


Personal communication. 


2. ingegno, A.P.; and Kertzner, Leonard: New York Jour. Med. 
54:1185, Apr. 15, 1954. 
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CHARLES B. TOWNS HOSPITAL 


Complete Medical & Psychiatric Treat- 
ment ot predetermined cost. Privacy 


POR THE TREATMENT OF ALCOHOLISM of patient is assured—if desired 
Literature on Request 


NARCOTIC AND BARBITURATE 


Edwerd B. Towns, Director 


ADDICTIONS EXCLUSIVELY 293 Central Park West, N. Y. 24.N Y 
SChuyler 40770 


Member American Hospital Assowor 


KALAK 
Counter-Acts 


ANTI-BIOTIC 
REACTIONS 


KALAK is a non- 
laxative, alkaline diuretic 
buffer —side reactions 
from aureomycin — terra- 
mycin — sulfas — penicillin 
are reduced through the 
use of KALAK — KALAK 
contains only those salts NORMALLY 
present in plasma. , . . IT 1S BASIC! 


FRIED & KOHLER, Inc. KALAK WATER CO. 


665 FIFTH AVENUE near 53rd Street of NEW YORK, Inc. 


NEW YORK, N. Y, Tel. Eldorado 5-1970 90 West Now Verk 6, Y. 
For acidosis due te nausea — in nephritis 


SATISFACTION GUARANTEED 


Specialists in Plastic and Glass 
Artificial Human Eyes Exciusively 


Referred Cases Carefully Attended 


For Intestine! Dysfunction 


Each tablet cont: Extract 
of Rhuberb, Senne, Precip 
Sulfur, Peppermint Oil. 
Fennel Of im activeted 
charcoal base 


For making Burow's Solution 
use? xiv 
WET DRESSING Use 


(Aluminum Sulfate and 
Calcium Acetete 
POWDER IN ENVELOPES 
— TARLETS — 


0 * indicated cardiac For treatment of Sweiti 
VALER! annety on 4 menstrual 100 tablets = 
en wid For Pulmonary Conditions 
At 1% solution Quinine with 


Campher for intre 
muscular injection 


STANDARD PHARMACEUTICAL CO., INC., 253 West 26th St., New York 


For acidos| 
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+4 Coated Tablet Cont pebdivided EUPHORIC PRESTO-BORO® 
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BETTER 
TOLERATED 


SALICY LATE 


THERAPY 


For Headache, Neuralgia, Minor Aches and Pains 
Give BUFFERIN® because... 


1. It gives fast pain relief—acts twice 
as fast as aspirin.’ 

2. Even large doses seldom cause gas- 
tric upsets.” 


For Arthritis —and Other Rheumatic Disorders 
Give BUFFERIN because... 


1. It provides effective, better-tolerated 
relief of pain. 

2. There were no gastric upsets with 
Burrenin in 70% of hospitalized 
arthritic patients who couldn't tol 
erate aspirin.’ This is an important 
finding, for arthritics are 3 to 9 
times as susceptible to gastric up- 
sets with straight aspirin as the gen- 
eral population.* 


3. The antacids in Burrerin do not 
lower the blood salicylate levels as 
sodium bicarbonate does.‘ 


Burrenin contains acetylsalicylic acid 
(5 gr. per tablet), for prompt analgesia, 
plus magnesium carbonate and aluminum 
glycinate. 


Available—bottles of 12, 36, 60 and 100 
tablets. 

References: |. J. Am. Pharm. Assoc., Se. Ed 
99:21 (Jan.) 1950. 2. Ind. Med. 20:480 (Oet.) 
1951, 3. In Press. 4. J.A.M.A, 141:124 (Sept. 10) 


WHENEVER SALICYLATE THERAPY IS INDICATED 


» Acts Twice as Fast as Aspirin 
GIVE BUFFERIN Does Not Upset the Stomach 


BRISTOL-MYERS CO., 
19 W. 50 St., New York 20, N. Y. 
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a nain-free stomach — 
uiet intestines — 
‘or your nervous patients 


quickly blocks the nervous 
impulses which cause gastrointestinal 
symptoms; 


causes negligible dryness of the mouth or 
other side effect. 


**TRICOLO!0’ rand Tricyelamel 50 mg. Compressed, sugar-coated 
Bottles of 100 


BURROUCHS WELLCOME & (U.S.A.) INC., Tuckahce 7, New York 
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reaches higher levels in the urine than its analogues 


crosses the intact meningeal 
barrier more readily than its analogues 


produces higher blood levels than its analogues 
fewer gastrointestinal side effects than its analogues 


Minimum adult dose: 250 mg. q.i.d. 


Capsules: 250 mg., bottles of 16 and 100, 
50 and 100 mg., bottles of 25 and 100. 


Suspension: | oz. bottles, supplied with dropper calibrated at 1 ce. 
Each 5 ce. teaspoonful contains the equivalent of 250 mg. . 
of tetracycline bydrochloride. 


: broad spectrum antibiotic of choice ae 
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Hoeber- Harper HIH announces... 


THREE IMPORTANT new BOOKS 


In 3 Volumes. A complete source of today’s knowledge of diagnosis and treat- 
meat—including not orly the more common neurologic disturbances but also the 
rarer syndromes and the ramifications of neurology in the ficlds of internal medi- 
cine, pediatrics, endocrinology, psychiatry, ophthalmology and otolaryngolegy. 
While the first objective is to organize for practical use the known fecte of 
neurology, much new material is published here for the first time. 


65 Authorities, Edited by A.B. BAKER, M.D., Prof. and Dir., Div. of Neurology, 
Univ. of Minn. Med, Sch. 2100 pp., liberally illustrated, 3-volames $6000. 


This interdisciplinary approach to the thyroid gland provides the first complete 
guide to thyroid functions, disorders and relationships. From the fardamental 
biochemistry to the details of treatment, beth medical and surgical, inclading 
laboratory technics as well as the latest radioactive materials, you will find 
today’s best knowledge on any question you may look up. Each tople is pre 
sented by am authority; yet, because the book is so carefully planned and 
edited, it reads like a consecutive account by a single authority. 


53 Authors, Edited by SIDNEY C. WERNER, M.D. Assoc. Prof. of Clinical 


cine, Columbia Univ. Coll. of Physicians and Surgeons. Approx. 800 pp. 
In Presa. 


Premature Infants 
2nd Edition 


4 Manual for Physicians. The basic source of information on prematerity and 
guide to care of the premature infant. Part I deals with general considerations: 
criteria for prematurity; incidence, causes and prevention of premature birth; 
growth and development of premature infants. Part I] takes up the physiolegic 
handicaps of premature infants, their problems and their care; congenital and 
acquired conditions that tend io affect them adversely. Part III outlines public 
health aspects of prematurity, including death rates and causes of death. 


ETHEL C. DUNHAM, M_D., Children's Bureau. In Press. 


Ali Hoeber-Harper Books Sent On Approvai 


Clinical Neurology 


PAUL B. HOEBER, Inc., Publisher, 49 East 33rd St, N.Y. 16 
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